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EXECUTIVE SUMMARY 
This Interim Measurehterim Remedial Action (IM/IRA) decision document addresses the 
Comprehensive Environmental Response and Liability Act (CERCLA) remediation and the 
Resource Conservation and Recovery Act (RCRA) closure of the Present Landfill (Individual 
Hazardous Substance Site [IHSS] 114) and the East Landfill Pond (together the Present Landfill 
and the East Landfill Pond are also known as Operable Unit [OU] 7’ and Group 000-5) at the 
Rocky Flats Environmental Technology Site (RFETS). This I M R A  also terminates the 
requirements and closes the Notification of Minor Modification to the Modified Proposed Action 
Memorandum (PAM) for the Passive Seep Interception and Treatment System at Operable Unit 
(OU) 7 (DOE 1998) and the Final Modified PAM for the Passive Seep Interception and 
Treatment System at OU 7 (DOE 1995). 

Present Landfill remedial action objectives (RAOs) are to prevent human and ecological 
exposures to fill material, achieve RCRA interim status closure, and protect surface water 
quality. To achieve these objectives, a RCRA Subtitle C compliant cover will be placed over the 
landfill preventing direct contact with fill material, providing a layer between surface water 
runoff and the fill material and reducing the infiltration of precipitation. The Present Landfill 
seep water emanating at the Present Landfill will continue to be treated through the Passive Seep 
Interception and Treatment System. 

Results of recent data evaluation indicate that the East Landfill Pond is not impacted by the 
Present Landfill. Evaluation of surface and subsurface soil data indicate that potential 
contaminant concentrations are less than RFCA wildlife refuge worker (WRW) action levels 
(ALs). Groundwater monitoring at the Present Landfill over the last 18 years has shown that the 
landfill is not impacting downgradient groundwater quality. 

In accordance with Paragraph 95 of RFCA, National Environmental Policy Act (NEPA) values 
have been incorporated to satisfy the requirement for a “NEPA equivalency” assessment of 
environmental consequences resulting from the proposed action. 

’ Operable Unit 7 as defined in the 1991 InterAgency Agreement (IAG) consists of IHSS 114 and 203 and the East Landfill 
Pond. IHSS 203 has received a No Further Action @FA) determination. Therefore, OU 7 represents IHSS 1 14 and the East 
Landfill Pond in this decision document. 0 
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1.0 INTRODUCTION 

This Interim Measurehnterim Remedial Action (IM/IRA) decision document addresses the 
Comprehensive Environmental Response and Liability Act (CERCLA) remediation and the 
Resource Conservation and Recovery Act (RCRA) closure of the Present Landfill (Individual 
Hazardous Substance Site [IHSS]ll4) and the East Landfillpond (also known as Operable Unit 
[OU] 72 and Group 000-5) at the Rocky Flats Environmental Technology Site (RFETS). Closure 
of the Present Landfill is subject to RCRA/Colorado Hazardous Waste Act (CHWA) interim 
status unit closure requirements, consistent with the Rocky Flats Cleanup Agreement (RFCA) 
Attachment 10. This IM/IRA also serves as the Post-closure care plan for the Present Landfill. 

This IM/IRA terminates and supercedes the requirements of the Notification of Minor 
Modification to the Modified Proposed Action Memorandum (PAM) for the Passive Seep 
Interception and Treatment System at Operable Unit (OU) 7 (DOE 1998) and of the Final 
Modified PAM for the Passive Seep Interception and Treatment System at OU 7 (DOE 1995). 

Located near the Present Landfill (IHSS 1 14) are the Landfill Pond Spray Areas (IHSSs 167.1 , 
167.2 and 167.3) associated with OU 6, the Walnut Creek Drainage, Improper Disposal of 
Diesel-Contaminated Material at the Landfill (PAC NW-1502), Improper Disposal of Fuel- 
Contaminated Material at Landfill (PAC NW- 1503), and Improper Disposal of Thorosilane- 
Contaminated Material at Landfill (PAC NW- 1504). All of these IHSSs and PACs have been 
approved for No Further Action (NFA)3. IHSS 167.1 was approved in 1999 according to the 
2001 annual HRR; IHSSs 167.2,167.3, PACs NW 1502 and NW 1503 were approved for NFA 
by both CDPHE and EPA in a letter dated February 14,2002. PAC NW 1504 was approved for 
NFA by both CDPHE and EPA in a letter dated September 27,2002. (Note: IHSSs 167.2 and 
167.3 were administratively transferred from former OU 6. to OU 7 on May 27, 1993 .) 

To aid in the understanding of the conditions that exist at the Present Landfill the following 
definitions are provided: 

East Landfill Pond is clearly identified in Figure 2 in this IM/IRA. 

No Name Gulch drainage is a drainage tributary to North Walnut Creek in Big Dry Creek 
Segment 4a from its source to the confluence with Walnut Creek approximately 0.8 miles west 

the A-series ponds at RFETS, and includes all tributaries, ponds, and reservoirs such as the East 
Landfill Pond. 

~ 

I of Indiana Street. No Name Gulch is the drainage immediately north of the drainage containing 

Present Landfill leachate is the liquid resulting from the infiltration of precipitation through the 
Present Landfill. 

* Operable Unit 7 as defined in the 1991 InterAgency Agreement (IAG) consists of IHSS 114 and 203, and the East Landfill 
Pond. IHSS 203 has received a No Further Action (NFA) determination. Therefore, OU 7 represents IHSS I 14 and the East 
Landfill Pond in this decision document. 

term used in No Further Accelerated Action (NFAA). 
The term NFA is used here consistent with the terminology used at the time of the NFA. DOE acknowledges that the current 

2 
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Present Landfill seep is the surface expression of groundwater emanating from the Present 
Landfill at or near surface water location SW00396. The Present Landfill seep water also 
contains Present Landfill leachate. 

2.0 SITE BACKGROUND 

WETS is a government-owned, contractor-operated facility formerly used for the fabrication of 
miscellaneous weapons components for national defense. The 6,550-acre site is located in 
Jefferson County, Colorado, approximately 16 miles northwest of Denver. The site occupies 
approximately 10 square miles (Figure 1). 

Centrally located within the WETS boundary is a 400-acre security area called the “Industrial 
Area (IA).” The IA contains approximately 400 buildings along with other structyres, roads, and 
utilities, and is where the majority of WETS mission activities took place between 195 1 and 1989. 
The remaining 6,150 acres consist of undeveloped land used as a Buffer Zone (BZ) to further limit 
access to the operations area. The Present Landfill (IHSS 1 14) and the East Landfill Pond are 
located north of the IA within the BZ, at the western end of the No Name Gulch drainage (Figure 
2)- 

2.1 Operational History 

The operational and historical information provided in this section is from the Final Phase I 

otherwise noted. 

The Present Landfill is located in the No Name Gulch drainage, at the western limit of headward 
erosion and pediment dissection. Beginning in 1968, a portion of the natural drainage at the 
headwaters of No Name Gulch drainage was filled with soil from an onsite borrow area to a 
thickness of approximately 5 feet to construct a surface on which to begin landfilling operations. 
The landfill does not have a bottom liner. Wastes delivered to the landfill were spread across the 
work area, compacted, and covered with a daily soil cover, eventually filling the valley to the top 
of the pediment, at approximately 6,000 feet. Some waste material is confined laterally by the 
bedrock slopes of the valley and by an existing surface water diversion ditch. 

The Present Landfill was placed into service in August 1968 for the disposal of solid wastes, 
including office trash, paper, rags, personal protective equipment, construction and demolition 
debris, scrap metal, empty waste containers, used filters, and electrical components. From 1968 
to 1978, the landfill received approximately 20 cubic yards of compacted waste per day. In 
October 1972, the policies concerning the disposal of waste at the landfill were reviewed and 
determined to be in accordance with applicable state and federal regulations (Woodward Clyde 
1990). 

t RCRA Facility Investigatioflemedial Investigation ( W I N )  Work Plan (DOE 1991), unless 

The Health Physics Operations unit of the Rocky Flats Plant began a program in 1973 to 
monitor the waste for radioactivity after it had been dumped and before compaction and burial. 
A logging procedure was instituted at that time to maintain control of where the waste originated 
in the event radioactive contamination was identified. (Woodward Clyde 1990). 

3 



Drafi Interim Measurehterim Remedial Action for the Present Landfill 

0 

a 

l 

a 

At the request of Rockwell International, the Colorado Department of Health (CDH) inspected 
the landfill in 1978 and 1979. CDH stated that the landfill appeared to comply with state-and 
federal minimum standards and department regulations. In addition, CDH determined that a 
certificate of designation for landfilling of waste was not required (Woodward Clyde 1990). 

Although originally planned as a sanitary landfill, routine operations at the Present Landfill 
included disposal of materials containing polychlorinated biphenyls (PCBs) (i.e., used 
fluorescent light ballast); combustible materials contaminated with small amounts of beryllium 
particulate matter; containers partially filled with paints, solvents, and foam polymers; kimwipes 
and rags contaminated with paints, solvents and foam polymers; used filters; and metal cuttings 
and shavings (documented as primarily stainless steel). Wastes with hazardous constituents 
ceased to be disposed of in the landfill by the fall of 1986, by tightening of administrative 
procedures and the implementation of findings of the Waste Stream Identification and 
Characterization Reports (produced by Weston in 1986 and 1987) (Woodward Clyde 1990). In 
addition, sludge from the Building 995 sanitary waste treatment plant was routinely disposed at 
the Present Landfill from August 1968 through May 1970 and may have contained low levels of 
plutonium and depleted uranium. 

Beginning in 1985, asbestos-containing material (ACM) was disposed in designated 1 O-foot- 
deep pits located east of the Present Landfill. The ACM was wrapped in heavy plastic bags, 
placed in the pit, and covered with soil. Site records indicate that disposal of ACM continued 
until April 1990. Nonroutine wastes disposed in the Present Landfill included tear gas powder; a 
tank containing MercaptanTM (an odor additive to natural gas); a drum of solidified polystyrene 
resin used in fiberglassing operations; soil contaminated with approximately 700 gallons of 
diesel fuel; wood contaminated with chromium, aluminum oxide; unknown chemicals, and 
unknown reactive chemical residues. 

The Present Landfill remained in operation until March 1998, at which time it was placed in a 
contingent closure status and seeded to stabilize soil and control erosion. The Present Landfill 
occupies an area of approximately 20 acres. Waste material is generally thinnest along the 
boundaries and thickest along the east-west axis of the landfill. Thicknesses range from less than 
1 foot to approximately 40 feet near the eastern face of the landfill. 

Leachate has been forming at the Present Landfill since waste operations began in 1968. Present 
Landfill leachate is the liquid resulting from the infiltration of precipitation through the landfill. 
A seep exists at the east end of the landfill (known as the Present Landfill seep), as a result of 
infiltration of precipitation and the migration of groundwaterathrough the landfill. The volume of 
Present Landfill leachate within the landfill varies as the potentiometric surface fluctuates in 
response to infiltration of precipitation through the soil cover. The volume of groundwater 
migrating through the landfill also varies as the potentiometric surface fluctuates. 

2.2 Previous Response Actions 

A number of response actions were taken when tritium and strontium were detected in 
contaminated groundwater draining from the eastern face of the Present Landfill in 1973. These 
actions include the following: 

. .  
4 
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0 In September 1973, Tritium and Strontium 89,90 were detected in leachate draining from 
the Present Landfill. As a result, approximately 57 monitoring wells were installed 
directly into the landfill waste and immediately below the waste materials, and a 
sampling program was initiated to determine the location of the source. The highest 
measured concentrations in groundwater were 30 1,609 picocuries per liter (pCi/L) of 
tritium and 7 pCi/L of strontium4. By 1980, tritium concentrations had decreased to 
approximately 500 pCi/L. Monitoring for tritium in surface water and groundwater ended 
in 198 1 for this response action, when measured levels had fallen to background. 

0 

0 A radiation monitoring program was established in 1973 to prevent disposal of 
radioactive materials into the landfill. 

I ' '  . 

0 

I I  

Background levels were considered to be approximately 1 to 25 pCi/L for strontium in water, based upon water samples taken 
at this time period from Rock Creek (Woodward Clyde 1990). Strontium was analyzed in the landfill ponds, drainages, and the 
groundwater intercept system, and generally found at background levels at this time (Woodward Clyde 1990). The half life of 
Strontium 89/90 is approximately 29 years, the RFCA groundwater Tier I action level is 85.2 pCi/L and the RFCA surface water 
action level is 8 pCi/L. 

5 



Draft Interim MeasurdInterim Remedial Action for the Present Landfill 

e 

e 

e 

e 

A surface water diversion ditch was constructed in 1974 around the perimeter of the 
landfill to divert surface water runoff and reduce the infiltration of surface water into the 
landfill (Figure 2). No waste disposal is known to have occurred outside the surface 
water diversion ditch. 

A groundwater collection system was installed in 1974 to intercept and divert 
groundwater flow around the landfill (Figure 2). The collection system was also designed 
to collect water seeping from the eastern edge of the landfill for discharge to the West 
Landfill Pond. 

From October 1974 to January 1975, temporary berms were upgraded to permanent pond 
embankments. The West Landfill pond was used to impound leachate and the East 
Landfill pond (Figure 2) was created to provide backup for overflow from West Landfill 
Pond; also used to collect intercepted groundwater, as needed. 

Surface water control/diversion/interceptor ditches were constructed around perimeter of 
the landfill (north, west, and south) to intercept surface water runoff flowing toward the 
landfill and divert it away from the landfill to reduce infiltration of surface water into the 
landfill. 

Groundwater interceptor system installed around the perimeter of the landfill (north, 
west, south; inside the surface water interceptor ditches) to divert uncontaminated 
groundwater around the landfill. The system was constructed by excavating around the 
perimeter of the landfill to depths of 10-25 feet. The trench excavation for the systems 
was 24 feet wide at the base. The groundwater collection system was installed on the 
side of the trench away from the landfill waste. A sandgravel blanket along the trench 
face intercepted groundwater, which drained to perforated pipe installed in the bottom of 
the trench. Intercepted groundwater was discharged to the landfill ponds or to surface 
water drainages by a series of valves. 

In 1975, water volumes were controlled by periodic spray evaporation to areas located on 
the north and south banks of the East Landfill Pond (IHSSs 167.2 and 167.3). 

Between 1977 and 1981, the West landfill pond was buried as the landfill was expanded. 
Later, a more permanent embankment was constructed for the East Landfill Pond, 
consisting of an engineered dam with a spillway designed to retain the majority of the 
water in the channel. To reduce seepage from the pond, a low-permeability clay core was 
constructed within the embankment, keyed to bedrock. The East Landfill Pond covers 
approximately 2.5 acres and has a capacity of approximately 7.5 million gallons. The 
East Landfill Pond water levels are controlled to prevent overflow into the spillway 
draining to No Name Gulch drainage by pumping water to Pond A-3, via the Pond A-1 
bypass, for eventual discharge from the Site. 

When the West Landfill Pond was covered in 198 1 ,  the existing collection system was 
extended to discharge into the East Landfill Pond, and optimally into No Name Gulch 
drainage. 

8 
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Two 900-foot soil-bentonite slurry walls were constructed near the eastern end of the 
Present Landfill in 1982 to prevent groundwater migration into the expanded landfill 
area. The slurry walls were tied into the north and south arms of the groundwater 
intercept system. 

Beginning in 1986, DOE began a Comprehensive Environmental Assessment and 
Response Program (CEARP) to investigate groundwater contamination at the site. This 
included the installation of groundwater monitoring wells at the Present Landfill, which 
were monitored for the CERCLA Hazardous Substance List (HSL) Volatile Organic 
Compounds (VOCs), Semi-volatile Organic Compounds (SVOCs), metals, major ions 
and radionuclides (including tritium). Also in 1986, pursuant to the 1986 Compliance 
Order and CERCLA Agreement, DOE began an extensive environmental investigation 
for the entire site. (A summary of the groundwater monitoring activities beginning in 
1986 is provided in Appendix A.) 

On January 22, 1991 DOE, EPA and CDH entered into an Interagency Agreement 
replacing the 1986 Agreement. This agreement did not change or impact the 
groundwater monitoring requirements at the Present Landfill. 

A Phase I RCRA Facility InvestigatiodRemedial Investigation (RFIRI) was conducted 
in 1992 and 1993 to characterize the site features at the Present Landfill, and to make 
preliminary determinations of the sources of contamination and the nature and extent of 
contamination. The Phase I1 RFIRI was conducted in 1994 and 1995 to further define 
the nature and extent of contamination and to support the development of an IM/IRA. A 
Phase I I M R A  and Closure Plan document was prepared in 1996 (DOE 1996), 
concurrent with negotiations of RFCA. Attachment 4 to RFCA contained a prioritized 
list of remedial actions for the Site, which placed the Present Landfill at number 18 of the 
top 50 areas requiring remediation. As a result, the 1996 draft I M R A  was abandoned, 
and resources and funding were reallocated to other areas ranking higher on the list. 

Four gas vents were installed in the Present Landfill in 1994 to release gases generated by 
microbial degradation of organic waste. The composition, quantity, and generation rates 
of the gases depend on factors such as waste quantity and composition, waste placement 
characteristics, landfill thickness, moisture content, and oxygen levels. Carbon dioxide is 
the principal gas generated during the early stages of waste burial, as the waste undergoes 
aerobic microbial degradation. As oxygen is depleted, anaerobic microbial degradation 
produces methane and carbon dioxide. In 1994, carbon dioxide and methane were the 
primary gases produced. 

Spray evaporation operations were discontinued in 1994. (Since this time, the pond level 
has been controlled by pumping the water to Pond A-3, via the pond A-1 bypass, for 
eventual discharge from the Site.) 

I 

In May 1995, a well-evaluation project was undertaken at Rocky Flats to continue the 
assessment of the sitewide groundwater monitoring network, in light of reduced budgets 
and the cessation of many FWFS activities. A core working group of stakeholders, 
composed of representatives from CDPHE, EPA, DOE and the Kaiser-Hill team, held 
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regular meetings to evaluate and negotiate a technically defensible monitoring network 
that would maintain compliance with current agreements and provide surveillance of 
known contaminant migration pathways. The underlying assumption in the network 
design was that groundwater monitoring should be conducted to assess the potential 
impact to surface water, which has been accepted by the agencies as the sole pathway for 
contaminated water to leave Rocky Flats. 

A passive seep interception and treatment system was constructed in 1996 to collect the 
Present Landfill seep water flowing from the eastern end of the Present Landfill (Figure 
2). The original system design provided for the collection and storage of the Present 
Landfill seep water in polyethylene tanks, which would be pumped to a tanker truck for 
transport to a designated treatment facility. Prior to construction of this system, the 
original PAM was modified to incorporate a passive treatment system using granular 
activated carbon (GAC) to remove organic chemical constituents, including VOCs and 
SVOCs (DOE 1995). The PAM was modified once more before construction to change 
the configuration of the GAC and add filters to the system (DOE 1996). 

0 

0 RFCA was adopted on July 19, 1996, which replaced the IAG as the environmental 
cleanup agreement for RFETS. The WETS Action Levels and Standards Framework for 
Surface Water, Groundwater and Soils (ALF) attachment to RFCA contains specific 
requirements for environmental monitoring and reporting, and it sets Action Levels for 
contaminant concentrations in groundwater and in other media. The results from the 
1995 well evaluation project were aligned with the new RFETS mission and RFCA 
requirements, resulting in a draft of the WETS Integrated Monitoring Plan for 
Groundwater (IMP). A data quality objective (DQO) process was used to determine what 
decisions were necessary for groundwater and the function of each well in the network in 
supporting those decisions. DOE, CDPHE, EPA and the community were consulted in 
decisions involving the monitoring network and the development of the IMP. 

0 In the beginning of the CY96, the RFETS sitewide-monitoring program consisted of a 
network of 150 wells. Half were monitored semiannually and half were monitored 
quarterly. Subsequent reevaluation of the monitoring network using DQO decisions 
developed as part of the IMP reduced the monitoring network to 89 wells in which a 
majority were sampled semiannually. 

Pursuant to RFCA, the IMP replaced all previous groundwater plans and assessments at 
the Site. The groundwater monitoring network, as defined in the IMP, had seven 
categories of monitoring wells and the wells at the Present Landfill are defined as RCRA 
Monitoring wells. These wells monitor downgradient groundwater contaminant 
concentrations at RCRA units. If the mean concentration of a contaminant in a 
downgradient well is greater than the mean concentration in upgradient wells and 
concentrations-at the well show an upward trend with time, a report will be made to 
appropriate agencies and an investigation will be initiated to investigate possible causes. 

0 The effectiveness of the passive seep interception and treatment system was evaluated in 
,1998, at which time it was determined that the primary contaminants detected above the 

evaluation also noted that GAC has a very limited capacity to attenuate vinyl chloride, 
' established performance standards were limited to benzene and vinyl chloride. The 
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0 

0 

a 

and the system would require costly monthly carbon replacement to maintain its 
effectiveness. As a result, the system was modified in October 1998 to treat the Present 
Landfill seep water by passive aeration, and sampling and analysis for SVOCs, metals, 
and radionuclides discontinued (DOE 1998). 

In the modified passive seep interception and treatment system, the Present Landfill seep 
water is collected in a settling basin, from where it then flows through a pipe to a set of 
stepped flagstones, before flowing into the East Landfill Pond. Flow is measured and 

' water quality samples are collected from the treatment system 6 feet downstream from 
the last aeration step. Effluent from the system is sampled in accordance with the S A P  
for the OU7 Passive Aeration System (K-H 2000). After treatment, water is collected in 
the East Landfill Pond, and then periodically pumped to Pond A-3 

The Actinide Migration Evaluation (AME) group performed an investigation of historical 
groundwater uranium data studies in 2003. Based on historical groundwater monitoring 
data for UHSU wells downgradient of the east landfill pond and within No Name Gulch 
(Wells 4087,52894 and 53 194), the AME group determined that U-236 is not present in 
the groundwater, indicating only natural uranium to be present downgradient of the 
Present Landfill pond. (K-H 2003). 

2.3 Existing Conditions 

The Present Landfill has remained inactive since March 1998. The top of the landfill was seeded 
to stabilize soil and control erosion. Groundwater and surface water monitoring around the 
Present Landfill has continued in accordance with the Integrated Monitoring Plan (IMP). 

At the time the Present Landfill became inactive, the volume of material in the landfill was 
estimated at 415,000 cubic yards (cy) including any daily soil cover incorporated as the waste 
was placed. The Present Landfill is covered in some areas by approximately 18 to 24 inches of 
soil, which has been revegetated. Still some small areas of the landfill exhibit exposed solid 
waste. While some soil slumping has occurred in the vicinity of the intermittent seep, slopes are 
generally stable and not prone to slumping or erosion. 

A passive seep interception and treatment system was constructed to collect the Present Landfill 
seep water flowing from the eastern end of the Present Landfill (DOE 1994). The system 
currently includes a seep interception system, settling basin, and passive aeration system. The 
interception system consists of a perforated pipe that directs water towards the settling basin. 
Dense solids settle in the basin and the remaining water is directed to a vault where the seep flow 
is measured. Finally, the water flows over the aeration system, which includes approximately 1 
foot of flagstone steps, before flowing into the East Landfill Pond. Water quality samples are 
collected from the treatment system 6 feet downstream from the last aeration step. The current 
concentrations of contaminants in the Present Landfill seep are either below or just slightly 
above the RFCA surface water action levels, and below RFCA Groundwater Tier I1 Action 
Levels (MCLs) - See Section 2.6.4. 

Groundwater modeling shows that the previous groundwater response actions are diverting 
groundwater around the landfill and into or downgradient of the East Landfill Pond. The 
groundwater model also indicates that the Present Landfill seep is primarily a result of 

.* 
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infiltrating precipitation into the landfill and not the inclusion of area groundwater. Groundwater 
monitoring wells that have been monitored over the last 18 years have shown that the landfill has 
not impacted downgradient groundwater quality. Current groundwater sampling results indicate 
that the groundwater contaminant concentrations are below the Tier I action levels. (See Section 
2.6.3 for details) 

0 

2.4 Source Characterization 

The Present Landfill covers an area of approximately 20 acres. Waste material is generally 
thinnest along the boundaries and thickest along the east-west axis of the landfill. The thickness 
of waste material ranges from less than 1 foot to approximately 40 feet near the eastern face of 
the landfill, which coincides with the deepest portion of the original drainage. Wastes delivered 
to the landfill were spread across the work area, compacted, and covered with a daily soil cover, 
eventually filling the valley at an elevation of approximately 6,000 feet mean sea level. 

The majority of waste was solid wastes, including office trash, paper, rags, PPE, construction 
and demolition debris, scrap metal, empty waste containers, used filters, and electrical 
components. Waste that contained hazardous constituents that were disposed in the landfill 
included containers partially filled with paint, solvents, degreasing agents, and foam polymers; 
wipes and rags contaminated with these materials; paint and oil filters; and metal cuttings and 
shavings coated with hydraulic oil and carbon tetrachloride (DOE 1994). A total of 241 
nonhazardous solid waste streams and 97 potentially hazardous solid waste streams were 
disposed in the Present Landfill (DOE 1992). Procedures were implemented to stop the disposal 
of hazardous waste into the Present Landfill in the fall of 1986. 

In 1989, waste stream were further characterized under the Waste Stream Residue Identification 
and Characterization (WSRIC) program. Of the 183 identified waste streams disposed in the 
landfill between 1986 and 1998, none were determined to be hazardous. 

0 

According to the Site RCRA Part A Permit Application, hazardous waste was also shipped 
offsite before hazardous waste disposal ceased at the Present Landfill. The offsite disposal 
wastes included paint thinners, evaporator salts, spent plating bath solution and waste water, 
mixed laboratory wastes, process facility sludges, photographic solutions, spent halogenated 
solvents, electrochemical milling sludge, metal heat treating salt and sludge, commercial 
chemicals, used lubricating oil, PCB transformer fluid, and contaminated process equipment. 

The Present Landfill continued to receive sanitary wastes and construction debris for 12 years 
after the disposal of waste containing hazardous constituents ceased. 

2.5 Environmental Setting 

Geologic data used to characterize the Present Landfill were compiled from previous landfill 
investigations, existing geologic characterization reports, U.S. Geological Survey publications, 
Colorado School of Mines reports, the Phase I RFIRI, and the supplemental Phase I field 
investigation. A summary of the general geologic framework, description and distribution of 
surficial and bedrock geologic units, description of geotechnical properties, and description of 
the East Landfill Pond sediments are presented in the following sections. Geologic borehole logs 
are contained in the OU 7 Final Work Plan (DOE 1994). 0 
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2.5.1 General Geologic Framework 

WETS is situated on an eastward-sloping plain, immediately east of the Colorado Front Range. 
The surface cover is composed of a series of coalescing alluvial fans that developed during the 
Pleistocene epoch. The Present Landfill is located near the eastern extent of the alluvial fans, 
which were deposited on a broad, gently sloping erosional surface, or pediment, underlain by 
more than 10,000 feet of gently dipping (i.e., less than 2 degrees) sedimentary rocks deposited 
between the Pennsylvanian and Upper Cretaceous periods. 

Dissection of the gravel-capped pediment has occurred by headward erosion and planation along 
eastward-flowing streams and their tributaries. Fluvial processes have formed moderately steep 
hillsides adjacent to the stream drainages, with the steepest slopes formed along the tops of the 
incised drainages. Surf cia1 and bedrock geologic units that influence groundwater flow include 
the artificial fill materid of the landfill, the Rocky Flats Alluvium, and the underlying Arapahoe 
and Laramie Formations. The Fox Hills Sandstone occurs at a depth of approximately 700 to 
800 feet below the ground surface, which is too deep to be affected by the landfill. 

0 

2.5.2 Description of Geologic Units 

Surficial material at the Present Landfill consists of Quaternary-age alluvial fan deposits of the 
Rocky Flats Alluvium, colluvial deposits, alluvial deposits of the Valley-Fill Alluvium, and 
artificial fill. The surficial deposits are part of the upper hydrostratigraphic unit (UHSU). 

The Rocky Flats Alluvium caps the divides north and south of No Name Gulch drainage. It is 25 
to 30 feet thick on the northwestern, western, and southwestern sides of the landfill, and 10 to 15 
feet thick on the divides north and south of the East Landfill Pond. The Rocky Flats Alluvium is 
composed of reddish-brown to yellowish-brown, well-graded, coarse gravel in a clayey-sand 
matrix. Pebbles and cobbles are composed of quartzite, granite, and gneiss. Maximum clast size 
recovered during drilling ranges from 1 to 3 inches in diameter. Caliche, a calcium carbonate 
cement, was described in drill cores from the divides north and south of the East Landfill Pond. 
These zones may be discharge points for alluvial groundwater along the hillsides above the the 
East Landfill Pond. 

Colluvial material has been deposited by slope wash and downward creep of alluvial material 
and bedrock. Colluvium covers the hillsides betyeen the pediment on which the Rocky Flats 
Alluvium is deposited and the No Name Gulch drainage and East Landfill Pond. It is 1 to 5 feet 
thick on the slopes around the pond and below the dam, and consists of brown, structureless clay 
with some sand and a trace of gravel. Soil development has occurred and roots are present to a 
depth of 3 feet. 

Valley-fill alluvium, derived from reworked alluvial material and bedrock, is present in the No 
Name Gulch drainage below the East Landfill Pond. The alluvium is 3 to 8 feet thick in the area 
of the Present Landfill and becomes thicker downstream to the east. The alluvium consists of 
brown, laminated to structureless clay with lenses of gravel. The gravels have a sandy-silt 
matrix that is often stained with iron. 

Artificial fill and disturbed surficial material are present within the boundaries of the Present 
Landfill. Thickness of the fill, which includes waste and interim soil cover, ranges from 
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approximately 5 to 45 feet. Fill is thickest near the centerline of the valley and thinnest around 
the perimeter of the landfill, inside the surface water diversion ditch. An actively slumping area 
occurs in the artificial fill material on the northeastern side of the landfill. Seeps are observed 
along the slope in this area. 

Bedrock, consisting of clay stones, siltstones, and fine-grained sandstones of the undifferentiated 
Upper Cretaceous Arapahoe and Laramie Formations, unconformably underlies the surficial 
deposits. In general, the base of the Arapahoe Formation, which unconformably overlies the 
Laramie Formation, is marked by the presence of medium-grained to conglomeratic sandstones 
composed of well-rounded, frosted, quartz sand grains with pebbles of chert, rock fragments, and 
ironstone. The lowermost 20 feet of the Arapahoe Formation is shown underlying the Rocky 
Flats Alluvium on the divides north and south of No Name Gulch drainage on geologic maps of 
Rocky Flats. However, sandstones exhibiting the distinctive characteristics of the basal 
Arapahoe Formation, or No. 1 sandstone, are not exposed at the surface or in any of the drill 
cores from the Present Landfill. The contact between the Arapahoe and Laramie Formations is 
difficult to interpret in the absence of the marker (i.e., No. 1) sandstone bed. Therefore, in this 
document, the Arapahoe and Laramie Formations are undifferentiated. However, in the No 
Name Gulch drainage downgradient of the landfill, the elevation of the bedrock is low enough 
that it is likely the Laramie Formation. 

The Laramie Formation is composed of laterally extensive sandstones, kaolinitic clay stones, and 
coal beds, and is approximately 600 to 800 feet thick. The upper 300 to 500 feet consist 
primarily of olive-gray and yellowish-orange claystones. Four sandstone units (designated as 
Nos. 2,3,4, and 5 sandstones) have been identified as the bedrock beneath the No. 1 sandstone 
and are considered to be Upper Laramie Formation. Where present, the sandstones are olive- 
gray, very fine-grained, subangular, well-sorted, locally calcareous, silty, and clayey. Because 
they lie within claystones and are not in hydraulic connection with either the No. 1 sandstone or 
the surficial deposits, the No. 2 through No. 5 sandstones are not considered significant pathways 
for migration of contaminants. 

@ 

The bedrock at the Present Landfill is composed of gray-to-brown, structureless claystones 
containing a trace of carbonaceous material and occasional thin interbeds of siltstone and, less 
frequently, fine-grained sandstone. Sandstones are composed of gray, very fine-grained to fine- 
grained, subangular to subrounded, well-sorted, quartzose sand. Sandstones are frequently 
interbedded with siltstones. These coarse-grained units vary from 1 to 30 feet thick. 

2.5.3 Distribution of Geologic Units 

Geologic units beneath the Present Landfill consist of a thin covering of colluvium on the 
hillsides and valley-fill alluvium in the No Name Gulch drainage. Both are underlain by the 
Laramie Formation. The colluvium consists of clays and silts. The valley-fill alluvium is 
composed of gravelly, clayey sand. Geologic units on the groundwater divides adjacent to the 
landfill consist of Rocky Flats Alluvium, underlain by the undifferentiated Arapahoe and 
Laramie Formations. The Rocky Flats Alluvium consists of clayey gravels and sands. 
Lithologies of the undifferentiated Arapahoe and Laramie Formations are typically limited to 
claystones and siltstones. 

14 
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Fine-grained sandstone subcrops beneath the alluvium, downgradient of the East Landfill Pond 
dam. This sandstone pinches out approximately 500 feet downstream. Shallow sandstones, 
present within 15 feet of the contact between the alluvium and bedrock, were encountered in 
wells located within the landfill on the southern side and on the southwestern shore of the East 
Landfill Pond. Based on a 2-degree regional dip, it is expected these shallow sandstones do not 
subcrop in the area of the Present Landfill and are not preferential pathways for migration of 
contaminants. 

0 

Other Laramie Formation sandstones are present at depths where there is no hydraulic 
connection with surfcial deposits. Laramie Formation sandstones were identified near the East 
Landfill Pond, within the landfill, and downgradient of the dam, in No Name Gulch drainage. 
Laramie Formation sandstones were also identified at depths of 50 to 125 feet below ground 
surface. 

2.5.4 East Landfill Pond Sediments 

Sediments have been accumulating in the East Landfill Pond since its construction in 1974. The 
sources of contaminant loading to the East Landfill Pond sediments include the Present Landfill 
seep water and surface water runoff from surrounding slopes. Results from sampling events 
performed during the Phase I RFIM indicate the sediments consist of clay, silt, and organic 
matter, ranging from 0.5- to 0.8-foot thick. The upper 0.2 to 0.5 foot of sediments consist of 
black silt and clay, with very fine roots occurring in either thin mats or scattered throughout the 
core. No bedding or lamination was visible. The remaining 0.3 to 0.4 foot of core consisted of 
very dark gray clay with some silt. Very fine roots were observed, decreasing with depth. The 
East Landfill Pond sediments are underlain by olive-gray claystone of the Laramie Formation. 0 
2.5.5 Hydrologic Setting 

The Present Landfill is located within the Walnut Creek Drainage, which consists of three 
tributaries: No Name Gulch drainage, North Walnut Creek, and South Walnut Creek. These 
tributaries drain the central and northern area of RFETS. 

A surface water diversion ditch was constructed around the perimeter of the Present Landfill in 
1974 to divert surface water runoff around the landfill and reduce infiltration of surface water 
into the landfill. On the northern side of the landfill, the ditch runs under a perimeter road 
through a small culvert and east into a small, natural drainage that eventually joins No Name 
Gulch drainage below the East Landfill Pond dam. On the southern side of the landfill, the ditch 
runs east above the East Landfill Pond and drops into No Name Gulch drainage below the dam 
(Figure 2). 

The East Landfill Pond covers approximately 2.5 acres. Pond water levels are controlled to 
prevent overflow into the spillway draining to No Name Gulch drainage. Recharge to the pond 
occurs from direct precipitation, groundwater discharge, Present Landfill seep flow, and surface 
water runoff from the surrounding hillslopes. The majority of flow into the East Landfill Pond 
comes from direct runoff and Present Landfill seep flow, while groundwater discharge is likely 
limited because of the relatively low hydraulic conductivity of the underlying weathered ’ 

bedrock. The groundwater intercept system was also designed to discharge into the East Landfill 
Pond; however, data are unavailable to indicate whether this occurs. The East Landfill Pond 
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discharge occurs by natural evaporation, seepage downward into weathered bedrock, seepage 
through the clay core of the dam, and water transfers to Pond A-3. 

0 
2.5.6 Hydrogeologic Setting 

In the area of the Present Landfill, groundwater flows predominantly within the UHSU material. 
The UHSU is composed of unconsolidated material that includes Rocky Flats Alluvium, 
colluvium, valley-fill alluvium, and weathered claystone bedrock. Unweathered bedrock 
claystones are included as part of the lower hydrostratigraphic unit (LHSU). The thickness of 
the weathered bedrock material varies considerably in the vicinity of the landfill, ranging from 
approximately 4 to 35 feet. 

The mean hydraulic conductivity values for the landfill waste, colluvium and valley-fill alluvium 
range from 1 x lo4 centimeter per second (cdsec) to 1 x cdsec.  The mean hydraulic 
conductivity value for the underlying weathered bedrock of the Laramie Formation ranges from 
1 x 1 O6 to 1x1 0-’ cdsec.  Unconfined storage coefficients are relatively low for the UHSU 
material, estimated to be approximately 0.1 based on the Site-Wide Water Balance (SWWS) 
modeling (K-H 2002a). 

Within the Present Landfill, groundwater is encountered at approximately 20 feet at the western 
I end, 20 feet in the middle, and 33 feet at the eastern end based on pre- 1995 data. The saturated 

thickness of UHSU deposits varies widely across the landfill, with the thickest sections found 
outside the landfill in the Rocky Flats Alluvium at the western end, and the thinnest sections 
found in colluvial and valley-fill deposits east of the East Landfill Pond and in the Rocky Flats 
Alluvium along the south divide. Average depth to groundwater ranges from 5 to 15 feet in 
surficial deposits around the landfill. 

Water levels in the surficial deposits of the UHSU exhibit notable seasonal variations. The 
elevation of the water table is generally lowest in late winter and early spring and highest during 
late spring. Available well water level data indicate that a single recharge event occurs each year 
during the spring. 

Within the landfill wastes, groundwater flows locally toward the landfill drain system (outward) 
and then to the former western pond locations, where it then flows eastward toward the Present 
Landfill seep area and discharges to the surface. At the Present Landfill seep location, 
groundwater is forced out to the ground surface because of the lower saturated hydraulic 
conductivity of the shallow underlying weathered bedrock. Groundwater also concentrates at 
this location because it is located along the centerline of a former streambed (No Name Gulch 
drainage), where northern and southern hillslope groundwater flow would have been directed. 
Currently, the model suggests saturated zone flows within the UHSU and waste material 
upgradient of the Present Landfill seep discharge to the ground surface at this location. 

Outside the landfill, groundwater flow directions generally mimic surface topography and the 
weathered bedrock surface. The Present Landfill seep discharge is first treated and then flows 
mostly as surface flow over the ground surface, until it mixes with the East Landfill Pond water 
and either evaporates or is pumped to Pond A-3. Some of the East Landfill Pond water likely 
percolates downward into underlying bedrock materials and laterally through the dam, although, 
these flows are likely small due to the low permeabilities. The groundwater flow from and 
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beneath the landfill dam then flows within shallow alluvium within No Name Gulch drainage, 
where it flows until it is discharged as evapotranspiration or as surface flow in No Name Gulch 
drainage. The No Name Gulch drainage rarely flows immediately downgradient of the dam 
(once every three years’). 

Throughout the Present Landfill area vertical hydraulic gradients generally indicate a net 
downward component of flow, with values ranging from 0.022 to 1.099 feet per foot (Wft) based 
on available well data, although in near-stream areas, or the Present Landfill seep location, 
gradients are upward. In addition, in the center of the landfill for example, vertical flow rates 
may be low compared to external areas, which may cause slight upward gradients locally due to 
increased evapotranspiration effects in the shallow UHSU. 

2.5.7 Conceptual and Numeric Integrated Hydrologic Flow Model 

An integrated hydrologic model, similar to that developed for the SWWB (IC-H 2002a), was 
developed for the Present Landfill system. Its development and application is presented in ’ 
Appendix B. The purpose of this model was to assess both surface and subsurface flow 
conditions to support analysis of water quality data (Section 2.7). Specifically, overland flows 
are dynamically coupled to unsaturated and saturated zone flows. Consequently, the integrated 
model developed for the landfill is capable of simulating ponding and subsequent surface runoff 
and infiltration into the subsurface. The model also provides a physically realistic means of 
simulating the spatial and temporal distribution of recharge and evapotranspiration over both 
waste material and surrounding existing soil. This system response is essential to simulating 
groundwater flows within the waste and surrounding areas. 

Information for the Present Landfill modeling project was derived principally from available 
reports in the Environmental Restoration (ER) library, Sitewide well data, and data collected for 
the SWWB (K-H 2002a). Landfill-related hydrogeologic data and history were evaluated first 
and used to develop an integrated conceptual flow model for the landfill. A numeric model was 
then constructed using the integrated flow code MIKE SHE, in an approach similar to that used 
in developing the regional SWWB model (K-H 2002a). Details of the integrated numeric design 
of the MIKE SHE flow model for the Present Landfill are described in detail in Appendix B. 

The integrated hydrologic model focused on the Present Landfill and surrounding areas. 
Geologic surfaces for the top and bottom of the weathered bedrock zone were interpreted based 
on the most complete compilation of historical borehole information from the landfill area to 
date. The extent and thickness of the waste material from previous work were incorporated into 
the model. In addition, key landfill control structures, such as the groundwater interception 
system (GWIS), clay barrier, landfill drain, and slurry walls, were also included in the model 
design. Published vegetation distributions for the 1993 to mid-1995 and 2000/2001 time periods 
(K-H 2002a) were converted into hydrologically significant categories and used in the model for 
calibration and model validation. The REF-ET Program (Allen 2000) was used to calculate the 
PET using the FA056 version of the standard Penman-Monteith equation for 1993 and 1994 Site 
climatic data. 

* 

0 Personnel communication G. Squibb; 2003. 
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2.5.7.I Conceptual Flow Model 
Precipitation in the form of rain or snow intercepts the ground surface and begins to infiltrate. If 
storm intensity and duration are sufficient, ponding may occur, although under typical conditions 
this generally does not occur (not even once per year). Ponding over the western portion of the 
landfill would then lead to surface runoff, which would be diverted around.the landfill and 
discharged to No Name Gulch drainage below the East Landfill Pond dam. Ponding over the 
eastern part of the landfill is directed towards the East Landfill Pond. 

0 

Shallow surface infiltration rates of precipitation to the unsaturated zone are relatively high, 
given the high effective saturated hydraulic conductivities of surface soil. Although only a 
portion of the total infiltrated water actually recharges the saturated zone (or groundwater table), 
recharge rates are relatively high. Generally rates are several inches, as reported in the recent 
SWWB modeling (K-H 2002a). 

Although groundwater flows regionally from west to east at WETS, locally it closely follows 
surface topography and the weathered bedrock surface. Near the Present Landfill, groundwater 
flows from hilltop ridges to nearby streams. Groundwater is also redirected locally toward such 
features as the landfill trench system, which includes the GWIS, landfill drain system, and clay 
barrier, as shown on Figure 3. Groundwater flows vertically downward over the entire system, 
except as shown near the Present Landfill seep and downgradient stream area (i.e., No Name 
Gulch drainage). Groundwater flows are greater in the unconsolidated material and waste than 
in the weathered bedrock due to higher average hydraulic conductivities. Flows in the 
unweathered bedrock are much lower than in the weathered bedrock because of even lower 

' 

hydraulic conductivities. 

The landfill trench system does not fully extend to weathered bedrock along its entire length, as I 

shown on Figure 3. Despite this, groundwater levels are still controlled by the barrier system. 
The clay barrier prevents the Present Landfill leachate from entering the external GWIS drain, or 
external water from entering the landfill drain system. Groundwater beneath the waste in 
unconsolidated material and weathered bedrock flows laterally towards the Present Landfill seep 
as shown. Near the Present Landfill seep, groundwater inflows (toward the Present Landfill 
seep) from the northern and southern hillslope areas are limited due to the two east-west trending 
slurry walls that extend into the weathered bedrock. The slurry walls, therefore, act to 
additionally focus upgradient saturated zone flows toward the Present Landfill seep area. The 
Present Landfill seep flow varies throughout the year and has been estimated at 1 to 7 gallons per 
minute (gpm). 

Water flows through the groundwater system and primarily discharges through seeps. There is 
one primary seep at the Present Landfill located at the base on the eastern face of the landfill 
(Figure 2) (known as the Present Landfill seep). A second intermittent seep area exists north of 
SW097 on the hillside below the north asbestos disposal area (Figure 2). This seep only 
activates during significant precipitation events, and its flow is not monitored. 

At the Present Landfill seep, groundwater discharges to the surface from both the unconsolidated 
material and the underlying weathered bedrock. All saturated zone flow upgradient of the 
Present Landfill seep is conceptualized as discharging at the surface at, or immediately 
downgradient of, the Present Landfill seep. The Present Landfill seep discharge then flows into 0 
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the East Landfill Pond after being treated. From the East Landfill Pond, groundwater flows 
beneath (within the weathered bedrock) and through the dam at a slow rate because of low 
associated permeabilities. Groundwater from the East Landfill Pond is largely constrained 
downstream of the dam to flow within the Valley Fill Alluvium, or weathered bedrock. From 
here it mixes with lateral inflows from the northern and southern hillslope colluvium and 
landslide deposits and becomes subject to loss as evapotranspiration. The SWWB modeling 
showed that most of this water is subject to loss locally by means of evapotranspiration, while 
only a small portion is subject to discharge as surface water flow, which occurs infrequently 
(once every three years as previously reported). 

0 

2.5.7.2 Integrated Flow Model 
The model was calibrated using data for the 1993 to mid-1995 period. This period was chosen 
because it was the latest historical period of water level measurements within the Present 
Landfill boundary and spring 1995 was an extremely wet period with substantial system 
response. Model calibration focused on matching average 1 994 groundwater levels, timing, and 
magnitude of system response at wells, and the Present Landfill seep flow at SW097. 

0 

Following model calibration, a sensitivity analysis was conducted to establish which model 
parameters dominate the hydrologic flow response for the Present Landfill system. Model 
sensitivity to hydraulic conductivity, leakage coefficients, landfill material properties, and East 
Landfill Pond water levels was evaluated for Present Landfill seep flow, modeled GWIS 
discharge, and groundwater levels. 

The model was run for a validation period of WY2000 with the topography modified to the 
current land surface at the landfill and the vegetation coverage revised to reflect that the landfill 
area had been reseeded in 1998. The model was found to be sensitive to the WY2000 climate 
change and vegetation changes but simulates system response reasonably well. 

A hypothetical scenario was run to evaluate the possible impacts of a potential closure scenario 
for the Present Landfill. In this scenario, the landfill area cover material was assumed to be 2 
feet thick and fully vegetated. Results of this simulation were then compared to simulated 
landfill conditions without the additional cover and less established vegetation. These 
simulations were run for the calibration model climate years of 1993 and 1994. An additional 
run was performed with the wet year precipitation from the SWWB (K-H 2002a) to evaluate 
impacts of a wetter climate on the landfill system. 

2.5.7.3 Key Modeling Findings 
The primary purpose of developing a flow model was to better understand the past, current and 
possible future integrated hydrologic conditions to support a detailed water quality analysis in 
the Present Landfill area. The amount of modeling output generated through development and 
application of the integrated Present Landfill model is substantial and provides new insight into 
the integrated and dynamic hydrologic behavior within and surrounding the Present Landfill 
area. Key findings include the following: 

0 The calibrated integrated model reproduces observed annual Present Landfill seep 
(SW097) flow location and discharge, and key spatial and temporal well water level 
response to annual recharge events and evapotranspiration reasonably well. 
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The model shows that observed Present Landfill seep flow and water level data are best 
simulated when the landfill trench system (ie., GWIS, clay barrier, and landfill drain) is 
assumed to be functional. 

0 

2.5.8 

Modeling shows that groundwater interior to the trench system flows outward to the 
landfill drain and is then routed toward the former West Landfill Pond Area. Exterior 
groundwater is intercepted by the GWIS and directed away to either the East Landfill 
Pond or No Name Gulch drainage. The clay barrier prevents exterior and interior flows 
from mixing. 

The model shows that water in the landfill waste material is derived mostly from direct 
recharge of precipitation over the waste material (greater than 90 percent), rather than 
lateral or vertical groundwater inflow. 

The Present Landfill seep flow at SW097 is most sensitive to the hydraulic conductivity 
of the waste material and the other unconsolidated material, the hydraulic conductivity of 
the landfill drainage material, and the hydraulic conductivity of the weathered bedrock. 
Modeling results show subsurface water in the footprint of the landfill system, upgradient 
of the Present Landfill seep, discharging to the Present Landfill seep, or the East Landfill 
Pond, regardless of whether the landfill trench system is functional. 

In a hypothetical scenario where additional cover material and fully developed vegetation 
are assumed, modeled seep flow is reduced by approximately 10 percent compared to the 
baseline scenario (i.e., current landfill configuration and WY2000 climate). In a 
comparably wet year, seep flow increased by approximately 10 percent, while mean 
modeled groundwater elevations in the landfill increased by 0.1 meter. 

In another hypothetical scenario where recharge within the landfill clay barrier and slurry 
walls is reduced by approximately 90 percent, modeled seep flow decreases 
approximately 25 percent over a 2.5-year period. This is mostly from a decrease in 
saturated zone storage. Mean modeled groundwater elevations in the landfill decrease by 
0.5 meter. Lateral subsurface flow into the landfill area is still small, but increases as a 
result of increased gradients across the landfill trench. 

Meteorology and Air Quality 

WETS is located in the southern Rocky Mountains and has a continental, semiarid climate. The 
region is noted for large seasonal temperature variations, occasional dramatic short-term 
temperature changes, and strong, gusty winds that reach 75 miles per hour (mph) annually and 
100 mph every three to four years. Mean annual precipitation is approximately 15.5 inches, with 
approximately one-half occurring as snow. 

Although air quality is generally better at WETS than in the urbanized portion of the Denver 
Metropolitan Area, the Site is continuously and extensively monitored for air pollutants. The 
Site is located within the Metropolitan Denver Intrastate Air Quality Control Region No. 36 

~ 

(Region). 

0 
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Radiological air emissions both onsite and offsite are largely unrelated to Site operations. Most 
radiation is naturally occurring background radiation from sources such as radon. The annual 
background dose for Denver area residents is approximately 41 8 millirems (mrem). Radioactive 
emissions from the Site are principally from contaminated soil, with an annual dose for the 
nearest, most impacted offsite resident of approximately 0.1 mrem. Facilities with potential 
radionuclide emissions are continuously monitored to ensure emissions are properly controlled 
and comply with applicable regulations. 

0, 

Additional details concerning meteorology, air quality, monitoring, and air emission controls at 
the Site can be found in the Rocky Flats Cumulative Impacts Document (CID) (DOE 1997), and 
the 2000 CID Update Report (DOE 2001). 

2.5.9 Ecological Setting 

Common wildlife species that could be encountered in the Present Landfill area include small 
mammals such as deer mice, prairie voles, meadow voles, and house mice, which provide forage 
for predators like raptors and coyotes. Common raptors at the site include red-tailed hawks, 
Swainson’s hawks, great horned owls, and kestrels. Reptiles would be represented by boreal 
chorus frogs, leopard frogs, and prairie rattlesnakes. Bass have been observed in the pond. A 
variety of songbirds could be found utilizing the grassland and wetland habitats at different times 
of the year. Western meadowlarks and vesper sparrows are common inhabitants of the 
grasslands, red-winged blackbirds, mallards, Canada geese, and other water fowl found 
occasionally on the pond or in the surrounding wetlands. Mule deer and an occasional white- 
‘tailed deer also utilize the habitat in and around the Present Landfill. 

The Preble’s meadow jumping mouse, a federally protected, listed species under the Endangered 
Species Act does not occur in the Present Landfill area. Small mammal trapping was conducted 
in the summer of 1996 around the inlet of the East Landfill Pond and documented no Preble’s 
mice in the habitat around the East Landfill Pond. Telemetry work conducted in Walnut Creek 
during 1999 did not document any Preble’s mice in the vicinity of the Present Landfill. The 
Present Landfill is also not located within any of the currently mapped Preble’s protection areas 
at the Site. 

A total of 3.1 acres of wetlands, as delineated by the U.S. Army Corps of Engineers, are located 
in the immediate vicinity of the Present Landfill, including 0.8 acre of palustrine emergent 
wetlands at the margins of the East Landfill Pond, and 2.3 acres of lacustrine wetlands associated 
with the pond bottom and open-water habitat combined. The 0.8 acre of palustrine wetlands 
represents approximately 0.5 percent of the palustrine and riverine wetlands at WETS. The East 
Landfill Pond represents approximately 5 percent of the Site’s open-water habitat, and 
approximately 6 percent of the shoreline habitat. 

2.5.10 Surrounding Land Use and Population 

The Site is bordered by State Highway 128 to the north, Indiana Street to the east, State Highway 
72 to the south, and State Highway 93 to the west. Land directly north of Highway 128 is 
largely dedicated to open space. Land east of Indiana Street is zoned industriakommercial to 
the north and open space to the south. The City of Broomfield owns the open space south of the 
Site, which includes Great Western Reservoir. The remaining land bordering the Site on the east 
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is zoned agricultural, with a projected plan showing an open space designation. Previous 
Jefferson County open space east of WETS is now owned by the City of Westminster. South of 
the Site, privately owned land is used for grazing and hay production, and is zoned for 
agriculturdcommercial use. To the west, the Site is bordered by private land between the west 
boundary and State Highway 93 and is used for quarrying and industrial development. The land 
west of State Highway 93 is Boulder County open space. The land southwest of WETS is 
owned by the State of Colorado, and is permitted for grazing and mining. 

2.6 

This section summarizes the characterization and monitoring activities associated with the 
Present Landfill. The information is taken from the OU 7 Final Work Plan Technical 
Memorandum (DOE 1994), reports prepared in accordance with the Site IMP (DOE 2000), 
Annual Groundwater Monitoring Reports and the Water Quality Assessment for the Present 
Landfill (Appendix C). This section summarizes the information contained in those documents 
but does not reiterate all the information. 

Nature and Extent of Contamination Assessment 

2.6.1 Surface Soil 

Surface soil samples were collected from the western end of the landfill, across IHSS 1 14 - 
Present Laridfill, and in the vicinity of the East Landfill Pond including the spray areas (within 
OU 7). Surface soil samples from the western end of the landfill were analyzed for PCBs, 
metals, radionuclides, and nitrate as nitrogen (N). Surface soil samples from IHSS 1 14 - Present 
Landfill were analyzed for SVOCs, metals, inorganics, radionuclides, and asbestos. Surface soil 
samples from the vicinity of the East Landfill Pond were analyzed for radionuclides, metals, and 
nitrate as N (DOE 1994). The surface soil data indicate some metals and SVOCs are present at 

'concentrations greater than background (i.e., background mean plus two standard deviations 
[metals] or the method detection limits [MDLs for SVOCs]) (Appendix D). All potential 
contaminant concentrations are less than RFCA WRW soil ALs (DOE et al. 1 996)6. 

2.6.2 Subsurface Soil 

Subsurface soil samples were collected from IHSS 1 14 - Present Landfill including the spray 
areas (within OU 7). Samples were collected from 2-foot intervals in alluvium and 4-foot 
intervals in bedrock. The deepest samples collected ranged from a depth of 22 to 60 feet. 
Subsurface soil samples were analyzed for metals, PCBs, radionuclides, SVOCs, VOCs, and 
nitrate as N. The subsurface soil data indicate some metals, SVOCs, and VOCs are present at 
concentrations greater than background (for metals) or the MDL (for SVOCs and 
VOCs)(Appendix D). All potential contaminant concentrations are less than RFCA WRW soil 
ALs (DOE et al. 1996). 

2.6.3 Groundwater 

Although groundwater monitoring began in 1986, a formal groundwater evaluation was not 
conducted until 1988. The uppermost aquifer in the vicinity of the Present Landfill is defined to 
include alluvium (Rocky Flats Alluvium and Valley Fill Alluvium), colluvium, and weathered 

Additional ecological action levels are being developed and ecological risks will be evaluated in the Accelerated Ecological 0 Screening Process and in the Comprehensive Risk Assessment. 
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bedrock of the Arapahoe Formation. In the landfill proper, the uppermost aquifer also includes 
the landfilled wastes. Deep bedrock wells have been evaluated historically, and show no 
hydraulic connection with the overlying uppermost aquifer. Downgradient alluvial groundwater 
had elevated major ions, iron, manganese, strontium and barium. However, these concentrations 
were either below background concentrations or were lower than concentrations detected within 
the landfill. High salts further downgradient in alluvial groundwater appeared to be from an 
unidentified natural source. Bedrock groundwater quality appeared to be largely influenced by 
mineral dissolution within the sandstone and claystone. High salt concentrations observed in 
bedrock wells were not seen in alluvial groundwater within the landfill. (Rockwell International 
1989.) 

Historical sampling and analysis continued from 1988 through 1996 collecting data from 
approximately 53 groundwater monitoring wells, including wells located within the landfill. By 
1996, the entire WETS groundwater monitoring program was re-evaluated based on a Data 
Quality Objectives (DQO) process and was aligned with the new WETS mission and RFCA 
requirements. Pursuant to IMP and consistent with 6 CCR 1007-3, Part 265,8 groundwater 
monitoring wells (4 upgradient and 4 downgradient) at the Present Landfill area are monitored to 
determine impacts to groundwater quality. (See Figure 2.) 

As a result, groundwater elevation and analytical data from the 8 RCRA monitoring wells at the 
landfill were reviewed for the period of 2001 through mid-20037. There are four upgradient 
RCR4 wells, 5887,70193,70393, and 70493; and four downgradient RCRA wells, 4087, 52894, 
52994, and B206989. (See Figure 2 for locations.) Downgradient well 52994 was dry for all data 
reviewed and is not included in this discussion. It is also noted, that downgradient RCRA nested 
wells 52894 and 52994 may provide little future information, as they are dry much of the time. 
The main thrust of this discussion regards the differences in water levels within nested well pairs 
and differences in groundwater chemistry between the upgradient and downgradient wells. 

Current groundwater quality was emphasized in this review for the 8 RCRA wells. (For 
additional information see historical annual groundwater monitoring reports.) Concentrations of 
contaminants are discussed with respect to Tier I and Tier I1 groundwater action levels. For the 
time interval reviewed, there were no detections of any analytes above Tier I groundwater action 
levels, with minimal potential to impact a surface water quality POC. The groundwater 
monitoring program has never indicated a contaminated groundwater plume from the Present 
Landfill. 

0 

. 

A statistical analysis of upgradient versus downgradient water quality at the Present Landfill can 
be found in the 2001 Annual Rocky Flats Cleanup Agreement Groundwater Monitoring Report 
for the Rocky Flats Environmental Technology Site (SSOC, 2002). The results of this analysis 
indicated that significant differences in upgradient versus downgradient water quality were found 
for calcium, copper, lithium, magnesium, molybdenum, selenium, sulfate, total dissolved solids, 
vanadium, U-233/234, U-235, and U-238. Of these analytes, only vanadium and U-233/234 
exhibited statistically significant increasing concentration trends in downgradient well B206989. 
However, calcium, copper, molybdenum, and vanadium are all below Tier I1 action levels and 
there are no groundwater action levels for magnesium and total dissolved solids. 

' Prior years data was not included since annual groundwater monitoring reports discuss this information. 0 
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The increase in metals and major cations and anions in downgradient groundwater, particularly 
in the shallow bedrock, has been attributed to a secondary contaminant source (Kaiser-Hill and 
RMRS 200 1) or to other natural processes involving evapotranspiration, and mineralization 
along the groundwater flow path. These conjectures have been offered because historically the 
water quality in the unconsolidated material beneath the landfill does not suggest the Present 
Landfill leachate is the source for these apparent impacts to groundwater quality downgradient of 
the East Landfill Pond dam. Groundwater flow modeling also indicates that most, if not all, 
saturated zone groundwater within the UHSU and waste material upgradient of the Present 
Landfill seep are discharged to the surface at the Present Landfill seep, and the dam limits further 
downgradient migration of this water in the subsurface. 

Although none of the elevated contaminants in UHSU groundwater downgradient of the East 
Landfill Pond dam exceed Tier I Action Levels, and most do not exceed Tier I1 Action Levels, 
groundwater quality in the unconsolidated material beneath the landfill was examined as an 
additional evaluation of potential impacts of the Present Landfill leachate on groundwater quality 
because of the above noted observations. Data for wells other than the 8 RCRA wells were 
evaluated, and details of the evaluation are presented in Appendix C. . 

2.6.3.1 Water Levels 
Nested upgradient UHSU well pair 70393 and 70493 are located approximately 400 feet 
southwest of the western edge of the groundwater intercept system. Well 70393 is screened to 
the base of the Rocky Flats Alluvium and well 70493 is completed in the weathered bedrock just 
below the alluvium/bedrock contact. The screened intervql and sandpack of this wellxdoes not 
connect with the overlying alluvium. These RCRA wells generally maintain a water elevation 
within approximately one foot except for short periods after large recharge events like the one 
experienced at WETS during March 2003. 

This situation varies from the scenario observed at downgradient nested UHSU well pair 4087 
and B206989, located approximately 250 feet east of the crest of the East Landfill Pond dam. 
Well 4087 is screened to the base of the Valley Fill Alluvium and well B206989 is completed in 
the weathered bedrock just below the alluvium/bedrock contact. The screened interval and 
sandpack of this well does not connect with the overlying alluvium. The head difference in these 
two RCRA wells at the most recent time that they both contained water (July 2002) was 
approximately 17 feet, with the deeper water level found in the weathered bedrock well. 

2.6.3.2 Volatile Organic Compounds in Groundwater 
For the analytical data reviewed from the downgradient RCRA wells, there were six sample 
events with VOC analyses from well 4087, seven from well B206989, and two from well 52894. 
There were no concentrations of any VOCs above Tier I1 action levels from any of the sampling 
events at any of the three wells, and very few detections of VOCs overall. 

For the analytical data reviewed for the upgradient RCRA wells, there were 10 sample events 
with VOC analyses at wells 5887, 70193, and 70493; there were 12 sample events for well 
70393. Wells 5887 and 70193 exhibited no concentrations of VOCs above Tier I1 action levels 
from any of the sampling events and very few detections of VOCs overall. At nested well pair 
70393 and 70394, the alluvial well (70393) had concentrations of PCE; TCE; and 1,l-DCE 
which were greater than their Tier I1 action levels. The concentrations show little variation with 
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time and are near the Tier I1 action level. Only TCE is found at a concentration greater than the 
Tier I1 action level for every sampling event, ranging from 10 to 22.6 pg/L. The VOCs at this 
upgradient location are believed to be associated with the PU&D Yard. The weathered bedrock 
well at this location (70493) did not have any VOC concentrations greater than Tier I1 action 
levels and very few detections of VOCs overall. 

These results indicate that there are no VOCs impacting downgradient groundwater quality 
resulting from the Present Landfill. 

2.6.3.3 Metals in Groundwater 
For the analytical data reviewed from the downgradient RCRA wells, there were five sample 
events with metals analyses from well 4087, six from well B206989, and two from well 52894. 
Well 52894 exhibited no metals results greater than Tier I1 action levels. For nested well pair 
4087 and B206989, the weathered bedrock well (B206989) exhibited concentrations of selenium 
(ranging from 196 to 41 0 pgL) and lithium (ranging from 1 100 to 2 140 pg/L) for all sampling 
events that were greater than their Tier I1 action levels. The current 2003 concentrations are well 
below the historic highs for the data set reviewed (2001 -2003). There were also three thalliumg 
results from this well that were above Tier I1 action levels, ranging from 2.4 to 4.6 pg/L. There 
were no concentrations of metals above Tier I1 action levels from alluvial well 4087. 

For the analytical data reviewed for the upgradient RCRA wells, there were 10 sample events 
with metals analyses at wells 5887,70193, and 70493; there were 12 sample events for well 
70393. The only metals detections above Tier I1 action levels at the upgradient RCRA wells 
were for thallium. Wells 5887,70193, and 70493 had two detections each; well 70393 had one 
detection. The range for all seven of the detections was 2.2 to 6.2 pg/L. 

2.6.3.4 Radionuclides in Groundwater 
For the data reviewed, all three of the downgradient RCRA wells have Tier I1 exceedances for 
the uranium isotopes U-233/234 and U-238 for all sampling rounds. This constitutes five and six 
samples from nested well pair 4087 and B206989, respectively, and two samples from well 
52894. Weathered bedrock well B206989 also exhibits Tier I1 exceedances for U-235 for all 
sample events. The concentrations of U-233/234 and U-238 in well B206989 are 3 to 7 times 
greater (ranging from 51 to 60.5 pCIL for U-2331234, and 32 to 37.2 pCiL for U-238) than the 
concentrations of these analytes in alluvial well 4087 (ranging from 8.7 to 19 pCi/L for U- 
233/234, and 5.7 to 14 pCiL for U-238). 

In contrast, the four upgradient RCRA wells, which all have at least 10 sampling events in the 
data reviewed, have very few Tier I1 exceedances for uranium isotopes and the magnitude of the 
exceedances are lower by over an order of m v i t u d e  when compared to downgradient well 
B206989. All but one of the U-233/234 and U-238 Tier I1 exceedances in the upgradient wells 
were from weathered bedrock well 70493. 

For the data reviewed, including all eight RCRA wells, tritium and strontium-89/90 were not 
detected above their Tier I1 groundwater action levels. Although tritium and strontium-89/90 are 

A statistical analysis of upgradient versus downgradient groundwater, quality indicated that there was not a statistically 
significant difference in thallium between upgradient and downgradient groundwater quality. 
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below RFCA action levels, all of the groundwater data for the Present Landfill were examined 
since elevated concentrations of these radionuclides were reported in the past. 

A review of all the data for all the wells in the landfill vicinity indicates that the highest 
concentrations of tritium occurred at wells 6387,72093, and 72393, which were located near the 
center of the landfill. Concentrations have been as high as 3,500 pCi/L (well 72393). 
Concentrations are considerably lower at the northern edge of the landfill (wells 6087 and 6787) 
and farther downgradient (wells 72293 and 786), indicating the high concentrations of tritium are 
localized. At well B206989, which is located downgradient of the East Landfill Pond dam, there 
is only one reported value (506 pCi/L). All of these reported concentrations are well below the 
Tier I1 groundwater AL of 20,000 pCi/L. 

Review of all the data for all the wells in the landfill vicinity indicates that only well B207089 
had a reported strontium-89,90 concentration that exceeded the groundwater Tier I1 action level 
of 0.852 pCi/L.. As shown in Table 1, the exceedance is a single occurrence on April 30,1991 
(1 1.17 pCi/L), and represents an anomaly relative to the balance of the data. Therefore, 
groundwater quality at the landfill has not been impacted by strontium-89,90. 
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Table 1 
Strontium-89,90 Activity in Well B207089 Over Time 

2.6.3.5 Nitrate and Surfate in Groundwater 
Nitrate and sulfate are both found in downgradient UHSU weathered bedrock well B206989 at 
concentrations above the Tier I1 action level for all 7 sampling events within the time frame 
reviewed (sulfate was only analyzed for twice). The nitrate values ranged from 19 to 69.4 mgL. 
The sulfate values were 2760 and 2800 mg/L. Both nitrate and sulfate concentrations do not 
appear to have an increasing trend and have remained relatively constant. A statistical analysis 
of upgradient versus downgradient nitrate and sulfate groundwater quality has not been done for 
the most recent data. However, based on the 2001 analytical results nitrate data does not indicate 
a statistically significant difference between upgradient and downgradient water quality. No 
other downgradient wells exhibited nitrate or sulfate concentrations greater than the Tier I1 
action levels for those analytes. 

At the upgradient RCRA wells, all of which had at least 10 sample events, there were no 
detections of nitrate or sulfate above their Tier I1 action levels. 

2.6.3.6 Conclusions 
Groundwater immediately downgradient of the East Landfill Pond contains elevated 
concentrations of nitrate, sulfate, selenium, lithium, and uranium isotopes (Table 2). Although 
the hydrologic flow model does indicate all saturated zone flow upgradient of the Present 
Landfill seep is conceptualized as discharging at the surface, or immediately downgradient of the 
Present Landfill seep, there is some potential that seepage or underflow of the dam is possible, 
which may contribute to these elevated concentrations observed in downgradient weathered a 
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bedrock well B206989. These concentrations of analytes observed in this well have not changed 
significantly over time. 

Table 2 
Analytical summary of downgradient UHSU weathered bedrock well B206989, Tier I1 

exceedances-2001 to present 

Notes: NS = not sampled; 
Downgradient wells 4087 and 52894 had Tier I1 exceedances for U-233/234 and U-238 only (refer to text) 

These results indicate selenium and lithium are present in downgradient groundwater quality at 
levels below RFCA Tier I action levels and are not increasing in concentration. The water 
quality assessment (Appendix C )  supported by the hydrologic flow model and analytical data 
from the Present Landfill seep indicates that these constituents may not be associated with the 
Present Landfill. 

The continued presence of metals and anions (since 1986) in downgradient groundwater quality, 
particularly in the shallow bedrock, may also be attributed to other natural processes involving 
evapotranspiration, and/or mineralization along the groundwater flow path. These conjectures 
have been offered because historically the water quality in the unconsolidated material beneath 
the landfill does not suggest the Present Landfill leachate is the source for these apparent impacts 
to groundwater quality downgradient of the East Landfill Pond dam. Groundwater flow 
modeling also indicates that most, if not all, saturated zone groundwater within the UHSU and 
waste material upgradient of the Present Landfill seep are discharged to the surface at the Present 
Landfill seep, and the dam limits further downgradient migration of this water in the subsurface. 
A water quality assessment is also provided in Appendix C. 

’ 

The uranium isotopic ratio suggests that the uranium detected in the downgradient groundwater 
wells is natural. This is supported by the findings from the AME group that performed an 
investigation of historical groundwater uranium data studies in 2003. Based on historical 
groundwater monitoring data for UHSU wells downgradient of the East Landfill Pond and within 
No Name Gulch drainage (Wells 4087,52894 and 53 194), the AME group determined that U- 
236 is not present in the groundwater, indicating only natural uranium to be present 
downgradient of the East Landfill Pond. (K-H 2003). 

Since the East Landfill Pond dam limits downgradient groundwater flow and elevated 
concentrations observed in well B206989 are downgradient of the dam and in weathered 
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bedrock, the potential for this water to impact surface water is very low. The flow model 
indicates that most of this water would be subject to loss locally by means of evapotranspiration, 
while only a small portion would be subject to discharge as surface water flow. Surface water 
flow in upper No Name Gulch drainage are more likely to infiltrate prior to reaching the lower 
region of No Name Gulch drainage or reaching surface water monitoring station SW033, which 
is located along No Name Gulch drainage just above the confluence with Walnut Creek. 

2.6.4 Present Landfill Seep 

Water discharging from the eastern face of the landfill upgradient of the East Landfill Pond was 
monitored at surface water station SW097 through 1995 (identified as the Present Landfill seep). 
Beginning in 1996, after the installation of the passive seep interception and treatment system, 
monitoring began of the influent, system midpoint, and effluent at the treatment system at 
surface water stations SW00396, SW00296, and SWOOl96, respectively (Figure 2). 

The East Landfill Pond dam impedes groundwater flow in surficial materials; therefore, the wells 
in surfcial materials directly downgradient of the dam are often dry. Also, the alluvium and 
weathered bedrock at these locations are frequently dry or thinly saturated because the East 
Landfill Pond dam acts as a barrier to alluvial groundwater flow from the west. In addition, 
evapotranspiration demands of valley-bottom vegetation consume much of the available shallow 
groundwater in No Name Gulch drainage during the summer months. 

2.6.4.1 Organics 
As discussed in detail in Appendix C, many organic compounds have historically been detected 
in the Present Landfill seep water. In general, organic detections are low and near the practical 
quantitation limit (PQL)/surface water standards. However, only benzene, bis(2- 
ethylhexyl)phthalate, chloroethane, methylene chloride, naphthalene, tetrachloroethene, 
trichloroethene, and vinyl chloride exceeded surface water standards. However, examination of 
the most recent data for stations SW00196, SW00296, and SW00396 indicates that, with the 
exception of benzene, organic compounds are either non-detected or below their respective 
surface water standards. Benzene concentrations are very low and fluctuate about the surface 
water standard. Because the benzene surface water standard (0.0012 m a )  is near the PQL 
(0.001 m a ) ,  the random fluctuations of the concentrations near the surface water standard is to 
be expected from a measurement sensitivity perspective. Therefore, the organic compound data 
for the treatment system stations indicate that organic detections are at low concentrations near 
or below the surface water standards. 

2.6.4.2 Inorganics 
As shown in Appendix C, aluminum, antimony, barium, beryllium, cadmium, copper, lead, 
mercury, silver, and zinc exceeded surface water standards in the Present Landfill seep water, 
primarily at SW097. However, with the exception of barium and zinc, all of these metals were 
detected at concentrations (with rare exceptions) below surface water standards at SWOOl96, 
which represent the most recent data for all of the surface water stations in the vicinity of the 
Present Landfill seep. Barium and zinc were present at SWOO196 at concentrations just above 
their respective surface water standards, but the concentrations were below Site background 
levels. Although metals were originally identified in the performance monitoring program for the 
Present Landfill seep treatment system, these observed low levels resulted in metals being 
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excluded from the program. It is also noted that downgradient surface water quality at station 
GS03 (the Site boundary POC) meets the surface water standards for these metals. 

2.6.4.3 Radionuclides 
As shown in Appendix C, gross alpha, gross beta, plutonium-239, radium-226, radium-228, and 
tritium were detected at least once above the standards at SW097. However, in all cases, the 
concentration time series presented in Appendix C show that the most recent activities of these 
radionuclides at this station were below surface water standards. Also, the radionuclide activities 
are below surface water standards at S WOO 196. 

2.6.5 East Landfill Pond Sediments 

The sediment data for the East Landfill Pond consist of grab samples collected from three 
locations: SED70093, SED70193, and SED70293. The data, which were originally reported in 
the OU 7 Final Work Plan Technical Memorandum (DOE 1994), are summarized in Table 3. 
The inorganic analytes shown in the table were determined to be above background levels based 
on the results of inferential statistics. The organic compounds listed are those that were detected. 
SVOCs were either not detected or detected at concentrations estimated to be below detection 
limits. As shown in Table 3, none of the analyte concentrations exceeds the WCA WRW soil 
ALs  (DOE et al. 1996). 

2.6.6 Surface Water 

. 

The surface water data for the East Landfill Pond consists of samples collected from SW098. 
, The data, which were originally reported in the OU 7 Final Work Plan Technical Memorandum 

(DOE 1994), are summarized in Table 4 (Only those constituents with concentrations determined 
to be above background or greater than detection limits are reported in Table 4.) The inorganic 
analytes shown in the table were determined to be above background levels based on the results 
of inferential statistics. The organic compounds listed are those that were detected. T ~ e  
composition of the East Landfill Pond water was evaluated on the basis of surface water 
monitoring samples collected monthly during the Phase I WIN and the 1990-1991 surface 
water monitoring program. Because the 1990 data were never validated, only 199 1 data fiom 
this program were used. 
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Table 3 
Comparison of Sediment Analyte concentrations to Soil Action Levels" 

0 

0 lo  Additional ecological action levels are being developed and ecological risks will be evaluated in the Accelerated Ecological 
Screening Process and the Comprehensive Risk Assessment. 
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The data indicate that the maximum concentrations of methylene chloride, bis(2- 
ethylhexyl)phthalate, dissolved antimony, and dissolved uranium-23 8 exceeded their surface 
water standards, and the average concentrations of methylene chloride and dissolved antimony 
also exceeded the standards. However, methylene chloride has not been identified as constituent 
of concern in either groundwater or the seep at the landfill, the two potential sources for the 
apparent contaminant. Methylene chloride is also a common laboratory contaminant, and the 
concentrations present in surface water are low and of a magnitude typical of laboratory 
contamination. 

The maximum concentration of bis(2-ethylhexy1)phthalate (0.01 1 m a )  was just above the 
surface water standard (0.01 mgL), and the average was below the standard. The dissolved 
antimony and uranium-238 exceedances are considered anomalous. For instance, the maximum 
concentration of dissolved uranium-238 (1 5 pCi/L) is much higher than the reported maximum 
total uranium-23 8 concentration (1.964 pCi/L). As for antimony, the concentration of total 
antimony is not reported indicating the concentration to be below background levels. However, 
the dissolved fraction is reportedly higher than the surface water standard; indicating the 
dissolved fraction is higher than the total concentration of antimony. Therefore, it is concluded 
that SW098 mean data are in compliance with RFCA Attachment 5 requirements. 

i' 
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Americium-241 
Gross Alpha 
Gross Beta 
Strontium-89,90 
Tritium 
Uranium-235 
Uranium-238 

Table 4 
Comparison of East Landfill Pond Analyte Concentrations to Surface Water Standards 

18/18 0.01 1 0.0005655-0.075 0.15 
13/13 2 -0.67-5 11 
13/13 12 7.9-16 19 
5/5 1.4 0.6635-1.924 8 
26/26 143 -10-257.8 500 
10/10 0.1 -0.01-0.3 1 o* 
10/10 1.1 0.6996-1.964 IO* 

Acetone 
Methylene Chloride 
Vinyl Acetate 

1/21 0.005 0.006-0.058 3.65 
312 1 0.003 0.004-0.008 0.001 
1/20 0.009 0.01-0.08 NV 

SEMIVOLATILE ORGANIC COMPOUNDS (MGL) 
Bis(2-ethylhexy1)phthalate I 1/8 I 0.005 I 0.001-0.01 1 I 0.01 
Di-n-Butyl Phthalate I 1/8 . I 0.005 I 0.001-0.01 1 1 3.65 
Dissolved Analvtes 

Data refi 

I I I 

Strontium-89,90 I 10/10 1 1  I 0.4-1.613 1 8 .  
Uranium-238 I 15/15 1 2  I 0.3-15 I 10* 

rence: DOE ( 1994) 
East Landfill Pond monitored at station SW098. 
Metals and radionuclides shown are at concentrations greater than background based on inferential statistics. 
Organic compounds shown are those that were detected. 
NV - No Value 
PQL - Practical Quantitation Limit (default value when surface water standard is less than this value) 
D - Dissolved (standard is for the dissolved fraction only) 

' 

0 
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TR - Total Recoverable (standard is for the total recoverable fraction only) 
* There are no isotopic-specific surface water standards for uranium. The standard shown is for total uranium. 

2.6.7 Landfill Gas 
Gas flow through landfill waste and soil occurs in response to pressure gradients (i.e., advective 
flow), concentration gradients (i.e., difisive flow), compaction and settling of wastes, 
barometric pressure changes, and displacement due to potentiometric surface fluctuations. 
Advection of landfill gas is typically the predominant transport mechanism. Off-gassing 
pressures up to 0.44 pound per square inch (lb/in2) were measured at the Present Landfill during 
the Phase I RFI/RI. 

The composition of landfill-generated gases was evaluated on the basis of screening-level data, 
which indicated 45 to 70 percent methane and 20 to 40 percent carbon dioxide. Concentrations of 
methane and carbon dioxide are highest in the eastern portion of the landfill where wastes are 
thickest and most recently disposed. Gas concentration maps and cross sections are included in 
the OU 7 Final Work Plan Technical Memorandum (DOE 1994). Non-methane organic 
compound concentrations range from 0 to 152,000 mg/L and average 30,000 mg/L, and include 
minor amounts of inorganic gases such as hydrogen sulfide. 

EPA’s Landfill Emissions Model Version 2.0 (LANDGEM) was used to calculate total landfill 
gas emissions by estimating methane, carbon dioxide, and nonmethane organic compound 
emissions individually and then summing the three model results. Model results indicated 
relatively low rates of landfill gas generation, with the majority (approximately 80 percent) of 
methane and total landfill gas production occurring by the year 2025, and almost all potential 
production occurring by the year 2075 (K-H 2002b). Landfill gas genefation was reevaluated 
because the waste volume used for the LANDGEM calculation had included both organic and 
inorganic landfill wastes. Based on a revised calculation using the volume of organic waste 
contained in the landfill, the gas generation rate was 27 cubic feet per minute (cfm) (K-H 2002b) 
lower than the 50 cfm determined earlier. 

In situ soil gas sampling was performed to characterize VOCs in the unsaturated zone of the 
landfill. VOCs detected at the landfill include 1,2-dichIoroethene, 1 ,l ,l -trichloroethane, 
trichloroethene, methylene chloride, acetone, 2-butanone, toluene, xylene, and hydrogen sulfide. 
These data are considered screening data and were not directly compared to ALs. 

3.0 REMEDIAL ACTION OBJECTIVES 

The Present Landfill is being addressed as an accelerated action under RFCA, which provides for 
the coordination of DOE’S response obligations under CERCLA and its closure obligations 
under RCWCHWA. As a landfill, the presumptive remedy is containment. The RAOs for the 
Present Landfill are as follows: 

0 Prevent direct human and ecological exposure to contaminated soil or fill material at the 
Present Landfill; 

0 Achieve RCRA interim status closure; and 
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0 Protect surface water quality. 

Alternatives have been developed to achieve these RAO’s and meet the substantive RCRA 
Interim Status closure requirements. 

4.0 PRESENT LANDFILL COVER & PRESENT LANDFILL SEEP ALTERNATIVES 

,The presumptive remedy for the Present Landfill is a cover. A Present Landfill cover alternatives 
analysis is provided in section 4.1. Although the Present Landfill seep water meets water quality 
standards, occasional concentrations in the Present Landfill seep have been at or near the water 
quality standard. Therefore, a Present Landfill seep alternatives analysis is provided in section 
4.2. 

4.1 Landfill Cover Alternative Analysis 

Three landfill cover alternatives (evapotranspiration cover, soil cover and RCRA Subtitle C 
Guidance cover) were analyzed for effectiveness, implementability, and relative cost. The results 
of this assessment are summarized in Table 5. The relative cost is provided for comparison 
purposes only and is not based on a site-specific design or cost estimate. 

. 4.1.1 ET Cover 
The evapotranspiration (ET) covers have recently been installed at several project sites in 
Colorado. For the Present Landfill, a minimum cover soil thickness of 60 inches on top of a biota 
barrier would be required. The soil for the cover would be required to meet strict material and 
installation specifications to meet the requirements of the cover. 0 
4.1.1.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and the 
environment, and achieves the remedial objectives. 

4.1.1.2 Protectiveness 
An ET cover would protect human health and the environment by establishing a permanent 
barrier between the waste fill and the surface. The effectiveness of the ET cover at meeting the 
infiltration requirements is highly dependent on the type of soil and the proper placement of 
these soils over the landfill. Soil meeting very specific soil characteristics and workmanship 
specifications would be required. 

Because of the CDPHE policy of meeting less than 1.3 millimeters per year as the infiltration 
rate (per CDPHE comments) for non-RCRA guidance covers, application of an ET cover at the 
Present Landfill would require importing approximately 180,000 cubic yards (cy) of soil. The 
soil would need to be imported from an offsite borrow area that meets specific soil 
characteristics, such as near Brighton, Colorado. This borrow area is approximately 3 1 miles 
from WETS and would require that more than 100 tandem semi-truckloads of soil per day 
traveling through the Denver metropolitan area, and would likely include sections of Highway 
128 and Highway 93. This level of truck traffic would adversely impact traffic and is a major 
safety concern to WETS. 
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Assuming operations are conducted for four 1 0-hour days per week, for six months, 
approximately 2,000 cy would be hauled each day. This rate corresponds to approximately 135 
to 140 truckloads of soil per day. ’ Each truck would make the 62-mile round trip, which would 
result in 8,680 vehicle-miles traveled (VMT) per day, or 842,280 VMT during the six months of 
operations. 

The baseline analysis from the CID estimates 99 truck shipments per day for an average year, 
and 1 12 truck shipments per day for the highest volume year for the Closure Case (CID, Table 
5.6-1 [DOE 19971). Truck accidents were projected by using an estimated truck transportation 
accident fatality rate, measured in fatalities per VMT (CID, Table A-28). This rate, for Denver 
Metropolitan Area Deliveries, is 1.04 x 
exceed CID estimates of daily shipments and, during the six months when trucking is needed, 
would exceed( CID estimates of fatality rates. Using the Closure Case projections for 
metropolitan area traffic, truck shipments required for the proposed action would cause 
approximately 8 x 10” accident fatalities during the six months of activity. 

In conclusion, the ET cover can provide long term protection of human health, but exhibits a 
short-term risk during construction. 

Additionally, the ET cover would require the establishment of vegetation that will use the 
infiltrating precipitation in the transpiration of the plants. The establishment of the vegetation 
would take several years, during which time the infiltration rate would exceed the EPA and 
CDPHE guidance cover infiltration rate of 1.3 millimeters per year. 

fatalities per VMT. The proposed action would 

> 

,4.1.1.3 Achieve Remedial Objectives 
This alternative meets the remedial objectives of preventing direct human and ecological 0 
exposure, achieves RCRA interim status closure and protects water quality by reducing the 
infiltration of stormwater through the cover. 

4.1.1.4 Implementability 
Implementability addresses the technical and administrative feasibility of implementing an 
alternative of the required equipment, services and materials. 

4.1.1.5 Technical Feasibility 
ET covers require different construction processes/equipment than conventional covers since the 
fill cannot be over-compacted. Although this process is new, it is not overly difficult and uses 
standard construction equipment. Intense quality control would be required during the 
construction of the ET cover. 

‘ 

However, should the cover become damaged through differential settlement or erosion, the repair 
of the cover is fairly easy. The repair would consist of the addition of the specified imported soil 
and re-vegetated. 

4.1.1.6 Availability 
Soil meeting the specific requirement for the ET cover is not readily available; the closest 
location is about 30 miles from the site. The equipment to transport and build the cover is 
readily available; requiring standard earthmoving equipment. 0 

. .. 
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4.1.1.7 Administrative Feasibility 
The implementation of this alternative does not require permits or easements, and does not 
impact adjoining property. It will not inhibit the ability to impose institutional controls. Existing 
site management and access controls would be maintained until a comprehensive final plan is 
implemented in the future. The ET cover is consistent with the aesthetic qualities of the facility 
end use as a wildlife refuge with a vegetated cover. 

4.1.1.8 Costs 
Evaluation of costs should consider the capital costs to engineer, procure and construct the 
required equipment and facilities, and the operating and maintenance costs associated with the 
alternative . 
4.1.1.9 Capital Cost 
The cost estimated to construct this alternative is between $7 to $8 million. 

4.1.1.10 Operation and Maintenance Cost 
The operation and maintenance costs associated with this alternative involve the inspection and 
maintenance of the cover. Other monitoring costs, such as groundwater and surface water would 
also be included. Operation and maintenance costs are considered to be low for this alternative. 

4.1.1.11 Summary 
Given consideration to the safety concerns and infiltration rate requirements, other alternatives 
would be better suited for the Present Landfill, and the ET cover is not the proposed cover 
alternative for the Present Landfill. 

4.1.2 Soil Cover 

The soil cover alternative for the Present Landfill would consist of a minimum addition of 2 feet 
of local on-site or imported soil on top of the existing soil cover. The soil cover would require 
approximately 65,000 cubic yards of imported Rocky Flats alluvial soil. Soil meeting specific 
requirements would not be needed for this alternative. 

4.1.2.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and the 
environment, and achieves the remedial objectives. 

4.1.2.2 Protectiveness 
A soil cover would protect human health and the environment by establishing a permanent 
barrier between the waste fill and the surface. However, the soil cover alone could not meet the 
infiltration requirements. 

The soil cover would require approximately 65,000 cubic yards of soil, reducing the number of 
trucks and VMT depending on the location of the source of the soil. Soil covers are currently 
used on military landfills under CERCLA as a presumptive remedy, where the majority of the 
waste is commercial refuse and construction debris co-disposed with limited amounts of 
hazardous constituents (EPA 1996). The Present Landfill is predominately commercial refuse 
and construction debris with limited amounts of hazardous wastes. In addition, the 
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investigations and evaluations completed at the Present Landfill, and summarized in this 
IWRA,  show that the landfill has limited impact on the environment since it became inactive in 
1998. 

Additionally, soil covers are very easy to repair should they become damaged through 
differential settlement or erosion; placement of soil and re-vegetation is all that would be needed 
to repair a soil cover. 

In conclusion, the soil cover can provide long term protection of human health, and exhibits a 
lower short-term risk during construction than the ET cover; however, the soil cover can not 
meet the infiltration requirements. 

,, 

4.1.2.3 Achieve Remedial Objectives 
This alternative meets the remedial objectives of preventing direct human and ecological 
exposure, and protects water quality by reducing the infiltration of stormwater through the cover; 
however, the soil cover can not achieve RCRA interim status closure because it does not meet 
the infiltration requirements. 

4.1.2.4 Implemen ta bility 
Implementability addresses the technical and administrative feasibility of implementing an 
alternative of the required equipment, services and materials. 

4.1.2.5 Technical Feasibility 
The soil cover requires conventional equipment and processes conventional for construction. A 
moderate level of quality control would be required during the construction of the soil cover. 

Should the cover become damaged through differential settlement or erosion, the repair of the 
cover is very easy. The repair would consist of the addition of the imported soil and re- 
vegetated. 

4.1.2.6 Availability 
Soil for the cover is readily available from sources close to the site. The equipment to transport 
and build the cover is readily available; requiring standard earthmoving equipment. 

4.1.2.7 Administrative Feasibility 
The implementation of this alternative does not require permits or easements, and does not 
impact adjoining property. It will not inhibit the ability to impose institutional controls. Existing 
site management and access controls would be maintained until a comprehensive final plan is 
implemented in the future. The soil cover is consistent with the aesthetic qualities of the facility 
end use as a wildlife refuge with a vegetated cover. 

4.1.2.8 Costs 
Evaluation of costs should consider the capital costs to engineer, procure and construct the 
required equipment and facilities, and the operating and maintenance costs associated with the 
alternative. 
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4.1,2.'9' Capital Cost 
The cost estimated to construct this alternative is between $1.5 to $2 million. 

4.1.2.1 0 Operation and Maintenance Cost 
The operation and maintenance costs associated with this alternative involve the inspection and 
maintenance of the cover. Other monitoring costs, such as groundwater and surface water would 
also be included. Operation and maintenance costs are considered to be low for this alternative. 

0 

4.1.2.11 Summary 
Given the above assessment, WETS believes that the Present Landfill is an appropriate site to 
apply the EPA presumptive remedy for a military landfill. However, the soil cover will not meet 
the EPA & CDPHE guidance cover infiltration rate of 1.3 millimeters per year. Therefore the 
soil cover alternative is not the proposed cover alternative for the Present Landfill. 
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ET Cover 

Soil Cover 

RCRA Subtitle C 
Guidance Cover 

T.able 5 
Comparison of Landfill Cover Design Alternatives 

A minimum cover thickness of 60 
inches on top of a biota barrier with 
and integrated gas venting layer (if 
required) 

Two feet of soil from local borrow 
sources over the existing soil cover. 

Consists of a geosynthetic clay layer 
(GCL), 20- to 40-mil flexible 
membrane liner (FML), a 
geosynthetic drainage layer, and 1 
foot of soil topped with a cobble 
layer to prevent erosion and 
borrowing animals. A passive gas 
venting system will be included in 
the design. 

Recent studies and modeling indicate 
an ET cover would be effective after 
the full establishment of vegetation. 
Monitoring within the cover and at the 
waste boundaries would be conducted 
to verify the cover's performance 
during and after the establishment of 
vegetation. Infiltration rate would be 
less than or equal to 1.3 mm/yr. after 
vegetation is fully established. Cover 
is easy to repair. 

A soil cover would effectively meet 
RAO's given the landfill's limited 
impact on the environment. Easy to 
repair should the cover become 
damaged. Soil cover would not meet 
the infiltration rate of 1.3 mm/yr. 

Although such a cover is considered 
highly effective, differential settling 
may cause liner failure, the repairs 
would require extensive excavation of 
the cover and complex repair 
procedures. Performance monitoring 
is not required for presumptive 
remedies. Cover will meet the 
infiltration rate of 1.3 m d y r .  

ET covers require different construction 
processes/equipment than conventional 
covers since the fill cannot be 
overcompacted. Although this process is 
new, it is not overly difficult and uses 
standard construction equipment. Safety 
concerns are very high due to the large 
volume of truck traffic required to bring 
large amounts of soil to the site from 
distant offsite borrow areas. 

Soil covers are relatively easy to 
construct with standard construction 
equipment. Use imported fill from nearby 
borrow areas reduces the traffic related 
safety concerns. 

Subtitle C covers have been constructed 
since the 1970s. Although the process is 
more difficult than soil covers, in that it 
requires complex quality assurance, the 
methods required for construction are 
well established and there are many 
contractors capable of completing the 
construction. Local source of materials 
reduces traffic safety concerns. 

$7.OMM to 
$8.OMM 

$1.5MM to 
$2.OMM 

$6.5MM to 
$7.5MM1' 

' I  This comparative cost does not include five foot of compacted soil components of a traditional RCRA Subtitle C cover as referenced in the August 2,2002 IMlIRA previously. 
released for public comment. 
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4.1.3 

RCRA Subtitle C Guidance Covers have been installed on many landfills throughout the 
country and this technology is considered a likely alternative for the Present Landfill. 

RCRA Subtitle C Guidance Cover 

0 
This cover would require about 65,000 cubic yards of onsite or imported soil to cover the 
geosynthetic composite liner placed on top of the landfill. The geosynthetic composite 
cover consists of a geosynthetic clay liner (GCL) above the existing soil cover. A 
flexible membrane liner (FML) possibly made of polyvinyl chloride (PVC) or high 
density polyethylene (HDPE) is then placed on top of the GCL. Then a geosynthetic 
drainage layer is placed on top of the FML to drain infiltrating precipitation away from 
the FML. Finally, a layer of soil is then placed on top of the geosynthetic composite 
layers to protect the layers from damage. As a deterrent to burrowing animals, a layer of 
cobbles is placed on the surface of the soil layer. Surface vegetation is not proposed in 
conjunction with the cobble layer. 

4.1.3.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and 
the environment, and achieves the remedial objectives. 

4.1.3.2 Protectiveness 
A RCRA Subtitle C Guidance Cover would protect human health and the environment by 
establishing a permanent barrier between the waste fill and the surface, and would meet 
the infiltration requirements. 

This cover would require about 65,000 cubic yards of onsite or imported soil to cover the 
geosynthetic composite liner placed on top of the landfill, greatly reducing the number of 
truck trips. Imported soil for this cover can also be obtained from a closer local borrow 
area, thereby reducing the VMT. 

Reports from other DOE facilities indicate that covers with cobble surfaces have 
performed well and have passed durability testing. Cobbled surfaces have remained 
stable in heavy storm events 

In conclusion, the RCRA guidance cover can provide long term protection of human 
health, exhibits a lower short-term risk during construction and can meet the infiltration 
requirements. 

4.1.3.3 Achieve Remedial Objectives 
This alternative meets the remedial objectives of preventing direct human and ecological 
exposure, protects water quality by reducing the infiltration of stormwater through the 
cover; and can achieve RCRA interim status closure because it does meet the infiltration 
requirements. 

4.1.3.4 Implementability 
Implementability addresses the technical and administrative feasibility of implementing 
an alternative of the required equipment, services and materials. 0 

Y f  
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4.1.3.5 Technical Feasibility 
Geosynthetic composite liner covers require trained personnel to install the composite 
materials; however, many have been installed over the last 25 years and trained crews are 
available for installation. The soil and rock covering the composite liner uses 
conventional earthmoving equipment and processes. Additionally, the composite cover is 
made of generally inert materials that will remain viable for a very long time (1 00’s of 
years) since the materials are protected from the sun and will not be exposed to excessive 
volatile or corrosive compounds. 

Since the geosynthetic composite liner is made from plastic materials, they are prone to 
tearing with differential settling. Some settling would be expected at the Present Landfill 
over time; however, very limited differential settlement is expected since the landfill has 
been closed for several years. Should differential settling be large enough to tear the 
lining materials, repair of the liner would require bringing earthmoving equipment to the 
site to excavate down into the liner to conduct the repairs. Contractors specializing in the 
repair of these types of liners would also be required to perform a quality repair. 

4.1.3.6 Availability 
Materials for the cover are readily available from sources close to the site. The 
equipment to transport and build the cover is readily available; requiring standard 
earthmoving equipment. Composite liner installation is done with trained crews that are 
also readily available. 

4.1.3.7 Administrative Feasibility 
The implementation of this alternative does not require permits or easements, and does 
not impact adjoining property. It will not inhibit the ability to impose institutional 
controls. Existing site management and access controls would be maintained until a 
comprehensive final plan is implemented in the future. The cover is generally consistent 
with the aesthetic qualities of the facility end use as a wildlife refuge with a cobble rock 
cover. 

4.1.3.8 Costs 
Evaluation of costs should consider the capital costs to engineer, procure and construct 
the required equipment and facilities, and the operating and maintenance costs associated 
with the alternative. 

4.1.3.9 Capital Cost . 

The cost estimated to construct this alternative is between $6.5 to $7.5 million. 

4.1.3.10 Operation and Maintenance Cost 
The operation and maintenance costs associated with this alternative involve the 
inspection and maintenance of the cover. Other monitoring costs, such as groundwater 
and surface water would also be included. Operation and maintenance costs are 
considered to be low to medium for this alternative. 
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4.1.3.11 Summary 
Given the RCRA Subtitle C Guidance Cover (geosynthetic composite liner cover) will 
meet the mandated infiltration rate and reduce the hazards associated with the 
transportation of large amounts of special fill material (associated with the ET cover), 
WETS is proposing the geosynthetic composite cover for the Present Landfill. 

0 

4.2 Landfill Seep Alternatives 

The alternatives considered for the landfill seep are presented in Table 6. The 
alternatives have been developed assuming that the passive seep interception and 
treatment system meets the RCRA WWTU exclusion and the substantive requirements of 
NPDES permit. When the cover is completed, @e flow of the seep is expected to 
decrease as shown by the hydrogeologic modeling. As the seep flow decreases, the 
concentration of constituents in the seep could likely increase. The level of increase can 
not be predicted, and monitoring will be conducted as described in other sections of this 

indicator of direct cover performance. The expected decrease in flow of the seep is an 
indicator of the cover reducing the infiltrating precipitation and reducing the saturated 
zone within the landfill. 

As provided in Table 6,  the proposed alternative is the passive seep interception and 
treatment system alternative for seep management. The other alternatives that were 
evaluated could be implemented as contingent actions at a future time should the seep 
exceed effluent limitations established within this IMAM (See Section 6) .  

4.2.1 

Under this alternative no treatment (passive or active) of the landfill seep is proposed. 
However, short or long-term monitoring of the seep would continue. 

, IM/IRA. An increased concentration of constituents in the landfill seep is not an 

Alternative 1 - No Further Treatment 
0 

4.2.1.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and 
the environment, and achieves the remedial objectives. 

4.2.1.2 Protectiveness 
Since the seep is not a source of drinking water, there is no impact to human health. In 
the short term, it is not likely that this alternative would impact water quality. As the 
seep flow decreases, the concentrations of constituents in the seep could increase. 
Monitoring of the seep will be conducted to track the level of constituents in the seep. 

4.2.1.3 Achieve Remedial Objectives 
This alternative meets the remedial action objectives under the current conditions. 
Monitoring of the seep is required to track the level of constituents in the seep. 

4.2.1.4 Implementability 
Implementability addresses the technical and administrative feasibility of implementing 
an alternative and the availability of the required equipment, services and materials. 0 
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4.2.1.5 Technical Feasibility 
This alternative is technically feasible because there is no construction or operation 
requirements, successful performance can be demonstrated through monitoring, there are 
no environmental conditions requiring adaptation and no permits are required to 
implement this alternative. 

0 

4.2.1.6 Availability 
No equipment or materials are required for this alternative. However, personnel and 
services will be required for seep monitoring, and are readily available. 

4.2.1.7 Administrative Feasibility 
The implementation of this alternative does not require permits or easements, and does 
not impact adjoining property. It will not inhibit the ability to impose institutional 
controls at the Present Landfill. Existing site management and access controls would be 
maintained until a comprehensive final plan is implemented in the future. 

4.2.1.8 Cost 
Evaluation of costs should consider the capital costs to engineer, procure and construct 
the required equipment, services and facilities, and the operating and maintenance costs 
associated with the alternative emphasizing long term stewardship. 

4.2.1.9 Capital Costs 
No capital costs are associated with this alternative. 

0 4.2.1.10 Operation & Maintenance 
Short-term seep monitoring costs would be incurred with this alternative; however, these 
costs are relatively low. 

4.2.2 Alternative 2 - Passive Seep Interception and Treatment 

Passive seep interception and treatment consists of seep water intercepted in a perforated 
pipe that directs water to a settling basin. Dense solids settle in the basin and remaining 
water is directed to a treatment vault where the seep flow is measured. Water then flows 
over a series of flagstone steps (waterfalls) to enhance the removal of vinyl chloride and 
benzene and a 6-foot-long bed of gravel before flowing into the East Landfill Pond. A 
passive seep interception and treatment system already exists. Short and long-term 
monitoring would be required with this alternative. 

4.2.2.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and 
the environment, and achieves the remedial objectives. 

4.2.2.2 Protectiveness 
Since the seep is not a source of drinking water; there is no impact to human health; 
however, the treatment provided by the passive seep interception and treatment system 
would provide increased protection of the environment. As the seep flow decreases, the 0 
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concentrations of constituents in the seep could increase. This alternative would reduce 
the impact to water quality should levels of volatile constituents increase in the seep. 
Monitoring of the seep after the passive seep interception and treatment will be 
conducted to track the level of constituents. 

4.2.2.3 Achieve Remedial Objectives 
This alternative meets the remedial action objectives. Monitoring is required after 
treatment to track the level of constituents. 

4.2.2.4 Imp LementabiLity 
Implementability addresses the technical and administrative feasibility of implementing 
an alternative and the availability of the required equipment, services and materials. 

4.2.2.5 Technical FeasibiLity 
This alternative is technically feasible because there is limited to no construction 
requirements, successful performance can be demonstrated through monitoring, and there 
are no environmental conditions requiring adaptation. Maintenance of the passive seep 
interception and treatment system will be required to routinely clear vegetation and any 
debris away from the system. 

4.2.2.4 A vaiLabiLity 
No equipment or materials are required for this alternative since the passive seep 
interception and treatment system already exists. However, personnel and services will 
be required for monitoring and maintenance. Both are readily available. 

- 

4.2.2.7 Administrative FeasibiLity 
The implementation of this alternative does not require easements and does not impact 
adjoining property. The implementation of this alternative does require a NPDES permit. 
See section 6.0. It will not inhibit the ability to impose institutional controls at the 
Present Landfill. Existing site management and access controls would be maintained 
until a comprehensive final plan is implemented in the future. 

4.2.2.8 Cost 
Evaluation of costs should consider the capital costs to engineer, procure and construct 
the required equipment, services and facilities, and the operating and maintenance costs 
associated with the alternative emphasizing long-term stewardship. 

4.2.2.9 CapitaL Costs 
Very low to no capital costs are associated with this alternative since the passive seep 
interception and treatment system exists. 

sa- 

4.2.2.10 Operation & Maintenance 
Short term monitoring and maintenance costs would be incurred with this alternative; 
however, these costs are relatively low. 
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4.2.3 

This alternative involves the collection of the seep into a sump, pumping the water into a 
storage tank and then removal of the water by a tank truck for disposal at a municipal 
wastewater treatment system or a permitted hazardous waste treatmentldisposal facility. 

4.2.3.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and 
the environment, and achieves the remedial objectives. 

Alternative 3 - Store & Offsite Treatment/Disposal 

4.2.3.2 Protectiveness 
Since the seep is not a source of drinking water; there is no impact to,human health; 
however, the treatment provided by the off-site system would provide increased 
protection of the environment. As the seep flow decreases, the concentrations of 
constituents in the seep could increase; however this increase is not expected to alter the 
implementation of this alternative. Monitoring of the collected seep would be conducted 
to track the level of constituents and volume to determine the cost of treatment and 
disposal by off-site facilities. 

0 

4.2.3.3 Achieve Remedial Objectives 
This alternative meets the remedial action objectives with the collection and removal of 
the seep water. Monitoring of the seep is required to track the level of constituents and 
seep volume to determine the cost of treatment and disposal by off-site facilities. 

4.2.3.4 ImplementabiIity 
Implementability addresses the technical and administrative feasibility of implementing 
an alternative and the availability of the required equipment, services and materials. 

4.2.3.5 Technical Feasibility 
This alternative is fairly easy to design and build; however, it would require electrical 
power and an access roadway to implement. Successfbl performance can be 
demonstrated through monitoring and disposal records. The construction and 
maintenance of the collection system, access road and electrical power system is not 
consistent with the overall facility end-state. No permits are required to implement this 
alternative; however, written agreements would be needed for the transportation, 
treatment and disposal of the seep water by a municipal wastewater treatment plant or a 
permitted hazardous waste treatmentldisposal facility. Long-term maintenance of the 
collection system, roadway and electrical system would be required by trained 
technicians. 

4.2.3.6 Availability 
Equipment, mateials and services are readily available for this alternative; however, the 
facility for the disposal of the seep water is uncertain. 

0 
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4.2.3.7 Administrative Feasibility 
The implementation of this alternative does not require permits or easements, but will 
require written agreements for the transportation, treatment and disposal of the collected 
seep water. The installation of electrical power and construction of the required access 
roadway could impact adjoining property. It will not inhibit the ability to impose 
institutional controls at the Present Landfill. Existing site management and access 
controls would be maintained until a comprehensive final plan is implemented in the 
future. 

4.2.3.8 Cost 
Evaluation of costs should consider the capital costs to engineer, procure and construct 
the required equipment, services and facilities, and the operating and maintenance costs 
associated with the alternative emphasizing long term stewardship. 

4.2.3.9 Capital Costs 
The capital costs associated with the construction of the collection and electrical power 
system, and the roadway would be high and in the range of several hundred thousand 
dollars. 

4.2.3.10 Operation & Maintenance 
Operation and maintenance costs would include the maintenance of the collection and 
electrical systems and the access roadway, the use of electrical power, and the cost of 
transportation, treatment and disposal of the seep water. Seep monitoring costs would 
also be required. The actual costs would be very dependent on the volume of seep water 
collected and would impact the transportation, treatment and disposal cost of this 
alternative. 

4.2.4 

This alternative consists of on-site water treatment processes to remove iron and 
manganese from the seep water prior to treatment for the removal of volatile constituents. 
Aeration or oxidation processes would then be used to remove the volatile constituents 
followed by an ion exchange system for the removal of inorganic constituents. Other 
treatment process would be considered during the design of the on-site treatment system 
to determine the most cost-effective system for the seep water. 

Alternative 4 - On-Site Treatment 

4.2.4.1 Effectiveness 
Effectiveness considers whether the alternative provides protection of human health and 
the environment, and achieves the remedial objectives. 

4.2.4.2 Protectiveness 
Since the seep is not a source of drinking water; there is no impact to human health; 
however, the treatment provided by the on-site system would provide increased 
protection of the environment. As the seep flow decreases, the concentrations of 
constituents in the seep could increase; however this increase is not expected to alter the 
implementation of this alternative and this potential increase would by included in the 
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design basis of the treatment system. Long term monitoring of the on-site treatment 
system would be conducted for operational and maintenance functions. 

4.2.4.3 Achieve Remedial Objectives 
This alternative meets the remedial action objectives with the high level of treatment of 
the seep water. Monitoring of the on-site treatment system would be conducted for 
operational and maintenance hct ions.  

4.2.4.4 Implementability 
Implementability addresses the technical and administrative feasibility of implementing 
an alternative and the availability of the required equipment, services and materials. 

0 

4.2.4.5 Technical Feasibility 
This alternative is highly complex to design and build; and would require electrical 
power and an access roadway to implement. Successful performance can be 
demonstrated through monitoring of the treatment system operation. The construction 
and maintenance of the on-site treatment system is not consistent with the overall facility 
end-state. No permits are required to implement this alternative; however, written 
agreements would be needed for the maintenance of the equipment and treatment media. 
Long-term maintenance of the on-site treatment system would require highly trained 
water treatment plant technicians. 

4.2.4.6 Availability 
Equipment, materials and services are readily available for this alternative. 

4.2.4.7 Administrative Feasibility 
The implementation of this alternative does not require permits or easements, but will 
require written agreements to maintain the treatment system. The installation of 
electrical power and construction of the required access roadway could impact adjoining 
property. It will not inhibit the ability to impose institutional controls at the Present 
Landfill. Existing site management and access conpols would be maintained until a 
comprehensive final plan is implemented in the future. 

I .  

0 

4.2.4.8 Cost 
Evaluation of costs should consider the capital costs to engineer, procure and construct 
the required equipment, services and facilities, and the operating and maintenance costs 
associated with the alternative emphasizing long term stewardship. 

4.2.4.9 Capital Costs 
The capital costs associated with the construction of the on-site treatment and electrical 
power systems, and the roadway would be very high and would be expected to exceed 
$500,000. 

4.2.4.10 Operation & Maintenance 
Operation and maintenance costs would include the maintenance of the treatment and 
electrical systems and the access roadway, the use of electrical power, and the operation 0 
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and monitoring-of the treatment system. Seep monitoring costs would also be required. 
The actual costs would be very dependent on the volume and level of constituents in the 
seep water and would impact the overall treatment cost of this alternative. 

. .  
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.Alternative. = 
No Action 

Passive Seep 
Interception 
and Treatment 

No passive or active 
treatment of landfill seep 

Seep water is intercepted 
in a perforated pipe that 
directs water to a settling 
basin. Dense solids settle 
in the basin and the 
remaining water is 
directed to a treatment 
vault where the seep flow 
is measured. Water then 
flows over a series of 
flagstone steps 
(waterfalls) and a 6-foot- 
long bed of gravel before 
flowing into the East 
Landfill Pond 

Table 6 
Seep Management Alternative Evaluation 

r I  $Effectiveness:;: '' 
Highly effective if 
treatment not 
required 

Effective for 
removal of low 
concentration levels 
of constituents. 
Not highly 
influenced by iron 
and manganese 
levels and 
precipitation. 

No implementation 
required 

Easy to construct system 
if elevation differential 
exists to allow waterfall 
effect. 

"Rela tiyj$go$tsr 
None, except 
monitoring 

-. 

Low 

r( .% * -. ..C ~ ~ ~ ~ ' ~ ~ ; ~ ~ o n ~ l u s ~ o n . s  .A(~- 

Not selected since 
passive system exists 
and there is a potential 
for constituents to 
increase as the seep 
flow decreases. 
Selected alternative 
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On-site 
Treatment 

I .  

System involves the 
collection of the seep 
water into a sump, 
pumping into a storage 
tank, and then the removal 
of the water by a tank 
truck for disposal at 
municipal WWTP or 
hazardous waste TSD 
facility. 

Consists of 
irodmanganese removal, 
VOC removal and 
inorganic constituent ', 

removal by aeration, 
filtration and ion 
exchange systems 

since water is never 
discharge into 
existing drainage. 

Treatment would 
result in very clean 
water with most, if 
not all, constituents 
below detectable 
levels. 

5 ,& Imp!em~i'abi~@,,2j$ 1 x ,  *<,*.' 

Fairly easy to design and 
build; however, it would 
require electrical power 
and access roadway to 
implement. Would also 
require routine 
maintenance and 
monitoring by trained 
mechanical technician. 
Potential safety concern 
due to off-site 
transportation. 
Requires detailed 
evaluation and design. 
Complex operating system 
required a trained 
wastewater treatment 
operator. Requires 
electrical power, process 
instrumentation & access 
roadway. 

:;;ReIati$e;@ost!?: 
High to very high 
due to power and 
roadway 
requirements, 
continual 
maintenance and 
monitoring, and 
the possible high 
costs for disposal. 

Very High due to 
the complexity of 
the equipment 
and systems 
needed to control 
the system. 
Requires routine 
and frequent 
operation, 
monitoring and 
maintenance for 
continuous use. 

Not a selected 
alternative due to high 
cost and potential 
problems with public 
acceptance of off-site 
transportation and 
disposal. 

Not a selected 
alternative due to high 
complexity and cost, 
and requiring 
significant operator 
attention and system 
maintenance. 
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5.0 PROPOSED ACTION 

The proposed action is the landfill presumptive remedy of containment. This engineered 
control will be accomplished by installing a cover equivalent to RCRA Subtitle C 
requirements and continued operation of the passive seep interception and treatment 
system before the Present Landfill seep water is discharged to the East Landfill Pond. 
Elements of the proposed action and closure plan are described in this section. Elements 
with long-term stewardship implications are also summarized in Table 7 in Section 8. 

5.1 Present Landfill Cover 

The landfill cover will be a designed geosynthetic composite liner consisting of a 
geosynthetic clay liner (GCL) above the existing soil cover (Figure 4). A flexible 
membrane liner (FML) possibly made of polyvinyl chloride (PVC) or high density 
polyethylene (HDPE) is then placed on top of the GCL. Then a geosynthetic drainage 
layer is placed on top of the FML to drain infiltrating precipitation away from the FML. 
Finally, a layer of soil is then placed on top of the geosynthetic composite layers to 

' protect the layers from damage. To prevent erosion a layer of cobbles would be placed on 
the surface of the soil layer. Surface vegetation is not proposed in conjunction with the 
cobble layer. Drainage ditches along the perimeter of the landfill cover will be modified 
to allow the free drainage of the geosynthetic composite cover, drainage layer and to 
direct surface water runoff away from the landfill. These ditches will generally be 
vegetation lined with rip-rap applied in areas of expected erosion. The geosynthetic 
composite liner will be placed below the frost line established during the design for the 
location and weather conditions at the Present Landfill. 

Four gas vents were installed in the existing landfill cover in 1992. The existing vents 
consist of vertical standpipes that extend into the underlying waste to allow passive 
venting of landfill gas. These vents will be removed before placement of the cover, and 
may be replaced with barometric vents as determined by the detailed engineering design. 
Removal of the vents will be accomplished by either pulling the casing, plugging the 
casing with bentonite or grout, or cutting the pipe. If the casing is left in place, it will be 
cut off below the existing ground surface and plugged using either bentonite or grout. 

The existing surface of the landfill will be grubbed and graded to meet the required 
slopes (3% to 5%) before the geosynthetic liner material is placed. The details of the 
cover will be presented in the engineering design drawings and specifications that will be 
completed before construction begins. The slope stability of the existing east face of the 
landfill will also be a consideration in the design. 

A Monitoring and Maintenance Manual will be prepared after cover construction and will 
incorporate the regulatory requirements for inspectim and maintenance of the cover, as 
identified in section 6.2.2.3.1, and for groundwater, as identified in section 6.2.2.3.2. 
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5.2 Present Landfill Seep 

The existing passive seep interception and treatment system will remain and be 
maintained (Figure 5). Maintenance of the passive seep interception and treatment system 
will include quarterly visual inspection of the components, vegetation control and erosion 
control. 

A Monitoring and Maintenance Manual will be prepared after cover construction and will 
incorporate the regulatory requirements for inspection and maintenance of the passive 
seep interception and treatment system, as identified in this section, and for monitoring of 
the Present Landfill seep, as identified in section 6.5.2.3. 

In addition, the East Landfill Pond will be modified to include an outlet structure to allow 
water in the pond to flow into the existing drainage when the water level reaches a 
specific level. The details of the flow through outlet structure will be developed in the 
design. 
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Figure 5 Passive Seep Interception and Treatment System 
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5.3 Accelerated Action Requirements for Protectiveness and Short- and Long- 
Term Effectiveness 

The objectives of this action are principally met through the installation of the landfill 
cover and the passive seep interception and treatment system. However, additional 
continuing actions are required to maintain and assess the protectiveness and the 
effectiveness of the cover and seep treatment. Further discussion of the actions in relation 
to attaining to the extent practicable Applicable or Relevant and Appropriate 
Requirements is contained in Section 6.0. Further discussion of Long-Term Stewardship 
activities is contained in Section 8.0. The continuing actions briefly described in this 
section are also summarized in Table 7 in Section 8. 

These actions will be taken until final remedy requirements are selected and incorporated 
(along with post-closure requirements for remedial actions taken at other IHSSs at Rocky 
Flats) in post-closure regulatory documents, which may include the final CADROD for 
Rocky Flats, any post-closure RFCA-type agreement, or a post-closure RCRA permit. 

0 

5.3.1 Institutional Controls 

Institutional controls include administrative controls such as use restrictions, and are 
intended to prevent or limit adverse exposure to residual contamination, and/or limit 
access to a site to ensure the ongoing security and effectiveness of facilities such as 
engineered controls or monitoring devices. Physical controls that restrict access to the site 
are included as a subset of institutional controls. General and specific post-accelerated 
action institutional controls for WETS as a whole are currently being evaluated by DOE 

# and the regulatory agencies, and in consultation with the Service, and the community. 0 
The controls that will be implemented at the Present Landfill for this proposed action are 
as follows: 

1. Current Site-wide security and access controls will be maintained until completion of 
the WETS Closure Project, currently scheduled for December 2006, but will be 
replaced by equivalent controls for the Present Landfill and other specific areas for 
which security and access controls are required. 

2. In accordance with the Rocky Flats Wildlife Refuge Act of 2001 (Pub.L. 107-107, 
Sec. 3171-3 182, [December 28,2001]), DOE will retain jurisdiction over the 
engineered controls associated with the proposed action. 

3. Prohibition of drilling and pumping of groundwater wells for uses other than the 
remedy. 

4. Prohibition of the use and excavation of the cover and of the area in the immediate 
vicinity of the cover 

5. Prohibition of drilling on and in the immediate vicinity of the cover. 
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6. Prohibition of disruption of the seep and the passive seep interception and treatment 
system until it is determined that the passive seep interception and treatment system is 0 no longer needed. 

7. To avoid adverse impacts, roads and trails will not be allowed on the cover or the . 

immediate vicinity of the cover. Signs may be erected that indicate vehicles are 
prohibited from specific areas and that direct vehicle traffic appropriately. A 
determination will be made during project construction as to whether signs or fences 
will be used as the preferred means of restricting access. 

8. Upon construction completion, fencing around the cover, or specific locations on or 
around the cover, will also be considered to limit the potential for damage or 
tampering with the location. Signs and markers may be used as controls to delineate 
the landfill boundary; outline digging, fishing, swimming, groundwater, and surface 
use restrictions; and/or describe access restrictions to the landfill cover and 
monitoring locations for the cover. 

Final institutional and physical controls for the accelerated action will also be 
documented in the closeout report. Inspection of these institutional controls will be 
performed quarterly to determine their continuing effectiveness. Results of these 
inspections will be reported annually. 

5.3.2 Worker Health and Safety 

All work under this proposed action will be controlled using the Site Integrated Safety 
Management System (ISMS) and the Integrated Work Control Program (IWCP). A 
project specific Health and Safety Plan (HASP) will be devsloped to address the safety 
and health hazards of project execution and specify the requirements and procedures for 
employee protection. The Occupational Safety and Health Administration (OSHA) 
construction standard for Hazardous Waste Operations and Emergency Response, 29 
Code of Federal Regulations (CFR) 1926.65 will be used a3 the basis for the HASP. In 
addition, DOE Order 5480.9A7 Construction Project Safety and Health Management 
applies to this project. This Order requires preparation of an Activity Hazard Analyses 
(AHA) for each task, which includes identifying each task, the hazards associated with 
each task; and the controls necessary to eliminate or mitigate the hazards. The AHAs 
will be included in the HASP. 

0 

Data and controls will be continually evaluated. If field conditions were to vary from the 
planned approach (for example, when unanticipated hazards are encountered, such as 
contaminated debris and airborne contamination), an AHA would be prepared for the 
new conditions, and work would proceed according to the appropriate control measures. 

6.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

As required by Part 4 of RFCA, the proposed action will be performed to the extent 
practicable in compliance with applicable or relevant and appropriate requirements 
(ARARs) under CERCLA. ARARs have been identified for the proposed action 0 
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consistent with the NCP, the preambles to the proposed and final NCP, and CERCLA 
Compliance with Other Laws Manuals Part I and Part I1 (EPA 1988,1989). 

The ARARs are provided in Appendix E. This section provides additional detail for the 
ARARs  related to RCWCHWA closure, the treatment and discharge of the landfill 
seep, air, surface water and wildlife. Requirements with long-term stewardship 
implications are summarized in Table 7 in Section 8.0. 

a 

RFCA paragraphs 16 and 17 established the requirements under which the CERCLA 
permit waiver applies. For any action, which would require a permit but for the 
CERCLA waiver, RFCA Paragraph 17 requires that the following information be 
included in the submittal: 

a. Identification of each permit that would be required. 

b. Identification of the standards, requirements, criteria, or limitations, which have to 
be met in order to obtain, each permit. 

c. Explanation of how the response action proposed will meet the standards, 
requirements, criteria, or limitations identified in subparagraph b (immediately 
above). 

This information is included for those aspects of the proposed action that are eligible for 
the Dermit waiver. 

6.1 RCRA Unit Closure Requirements a 
This section focuses only on RCRA hazardous waste and constituents for purposes of 
demonstrating closure of the Present Landfill. The Present Landfill will be closed 
consistent with the RCWCHWA closure performance standard for interim status units 
(6 Colorado Code of Regulations [CCR] 1007-3, Part 265.1 1 I), which requires DOE to 
close the unit in a manner that: 

Minimizes the need for W e r  maintenance; 

Controls, minimizes or eliminates, to the extent necessary to protect human health 
and the environment, post-closure escape of hazardous waste, hazardous 
constituents, leachate, contaminated runoff, or hazardous waste decomposition 
products to groundwater, surface water, or the atmosphere; and 

0 If the unit is a landfill, complies with the closure and post-closure requirements of 
Part 265.310. 

To demonstrate compliance with these closure performance standards, the following 
sections discuss each of these requirements. 

a 
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6.1.1 

Minimal maintenance will be required for the Present Landfill since a RCRA Subtitle C 
compliant cover will be placed over the landfill. See Figure 4 for the proposed 
,configuration of cover components. Revegetation of a soil cover is not planned, as a 
result there will be no vegetative growth on the landfill cover to maintain, although 
vegetation and weed control measures will be employed, and erosion control of the cover 
will be achieved by the final configuration of components. Storm water runoff from the 
cover will utilize perimeter drainage ditches around the landfill and will require minimal 
maintenance to ensure the drainages remain open and unobstructed. 

6.1.2 

Minimize the Need for Further Maintenance 

Post-Closure Escape of Hazardous Waste, Hazardous Constituents, 
Contaminated Run-off, Hazardous Waste Decomposition Products and 
Leachate 

The post-closure escape of hazardous waste from the Present Landfill is controlled in that 
the landfill is located within a valley and sits on a relatively low permeability 
unconsolidated bedrock foundation, which minimizes the lateral and downward migration 
of hazardous waste. A RCRA Subtitle C compliant cover will be placed over the Present 
Landfill which will minimize the infiltration of precipitation through the landfill thereby 
minimizing the migration of hazardous waste, hazardous constituents, hazardous waste 
decomposition products and leachate from the landfill. 

6.1.3 Landfill Closure Requirements 

The landfill closure requirements as defined in 6 CCR 1007-3 265.3 1 O(a) require that a 
final cover be placed over the landfill designed and constructed to: 

0 Provide long-term minimization of migration of liquids through the closed landfill; 
0 Function with minimum maintenance; 
0 Promote drainage and minimize erosion or abrasion of the cover; 
0 Accommodate settling and subsidence so that the cover’s integrity is maintained; and 
0 Have permeability less than or equal to the permeability of any bottom liner system or 

natural subsoils present. 

As previously mentioned, a RCRA Subtitle C compliant cover will be placed over the 
Present Landfill. See Figure 4 for the proposed configuration of cover components. The 
detailed design of the cover will take several months to complete after approval of the 
IMAM. However, this type of cover has been shown to function with minimal 
maintenance, while it promotes drainage, and prevents direct contact with the landfill 
waste and interstitial soil. The RCRA Subtitle C compliant cover design provides long- 
term minimization of migration of liquids through the closed landfill. Erosion of soil and 
other materials on the surface is anticipated to be minimal to non-existent. Since this 
landfill has been in existence for approximately 35 years, settling and subsidence is 
anticipated to no longer be a significant issue and the cover components are designed to 
maintain the cover’s integrity. The Subtitle C cover has a permeability less than the 
existing subsoils present beneath the landfill. 0 
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Section 6.2 outlines the substantive elements of the post-closure care plan and post- 
closure requirements of 265.3 1 O(b). 

6.2 RCRA Post-Closure Care Requirements 

Post-closure controls, monitoring, and maintenance for the cover will be implemented at 
the Present Landfill and are briefly described below. These requirements will be 
implemented and remain in place in accordance with the approved IMAM until final 
remedy Post-closure care requirements are implemented pursuant to a Corrective Action 
DecisionRecord of Decision (CADROD). In accordance with CERCLA, a review of 
the remedy remaining protective of human health and the environment will be conducted 
periodically, at least every five years. 

/ 

6.2.1 Permit Waiver Requirements 

Appendix E to this ImRA presents the A R A R s  that will apply to the post-closure care 
of the Present Landfill. Specifically, the RCRA and the CHWA, 6 CCR 1007-3, Part 100 
requirements pertaining to a post-closure permit. The substantive requirements of 6 CCR 
1007-3, 9 100.10 will be met to the extent practicable through the implementation of the 
approved IMARA. 

6.2.2 Present Landfill Post-Closure Care Compliance 

The following information specifically addresses the requirements listed above. 

6.2.2.1 Permit Required 
Because the Present Landfill is subject to RCRA interim status closure requirements; a 
post-closure permit is required. Although the regulations also provide for an enforceable 
document in lieu of a post-closure permit, the following discussion is also pertinent to the 
requirements .of such a document. 

6.2.2.2 Requirements to Obtain a Permit 
6 CCR 1007-3 Part 265.3 1 O(b) details the maintenance and monitoring requirements that 
must be implemented throughout the post-closure care period. The following 
requirements will be implemented for the Present Landfill: 

(1) Maintain the integrity and effectiveness of the final cover, including making 
repairs to the cover as necessary to correct the effects of settling, subsidence, 
erosion, or other events; 

(2) Maintain and monitor the groundwater monitoring system and comply with all 
other appropriate requirements; and 

(3) Prevent run-on and runoff from eroding or otherwise damaging the final cover. 

6.2.2.3 How the Present Landfill Meets the Requirements 
Each of the above three requirements are discussed further below: 

0 
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6.2.2.3.1 
Current Site-wide security and access controls will be maintained until completion of the 
WETS Closure Project. Additional institutional controls related to maintaining the 
integrity and effectiveness of the final cover are identified in section 5.3.1 and 
summarized in Table 7 in Section 8. 

Following construction of the cover, monitoring and maintenance activities will be 
performed quarterly of the cover. The cover will be inspected for signs of erosion, 
differential settlement, subsidence, burrowing animals, weeds, and Present Landfill 
seepage areas. Erosion and differential settlement will also be evaluated using 
monuments, which will be installed in the cover during construction activities. Signs of 
potential problems include, but are not limited to, deep rooting vegetation (trees), 
ponding water on the surface, and surface depressions. 

Maintain Integrity and Effectiveness of the Final Cover 

Routine maintenance of the cover will include filling in and regrading any depressions, 
burrowing animal holes, or other disturbances. Where excessive erosion has occurred, 
soil will be replaced with similar cover soil and re-cobbled. After restoration of the cover 
the area prone to excessive erosion will be protected further with structural erosion 
controls such as erosion mats, silt fences, straw-bale sediment barriers, and straw-bale 
check dams. These controls will be installed and maintained as necessary to limit 
sediment transport. 

Special attention will be provided on the east-facing slope of the landfill to monitor for 
any sloughing or movement of the side slope. 

Repairs and routine maintenance will be made to maintain the integrity and effectiveness 
of the cover. Inspection results, repairs, and routine maintenance will be documented in 
annual reports to the regulatory agencies and may be combined with future site-wide 
maintenance and monitoring reports. 

6.2.2.3.2 Maintain and Monitor the Groundwater Monitoring System 
A groundwater monitoring system (6 CCR 1007-3,265.90[d]) was implemented under 
the IMP and has monitored downgradient groundwater quality for impacts from the 
landfill. A total of eight (4 upgradient and 4 downgradient) RCRA groundwater 
monitoring wells have been established for the Present Landfill pursuant to RFCA and 
RCRA. The effects of the new cover including changes in surface water and groundwater 
flow may occur which could impact surface water and Present Landfill seep water 
quality. Monitoring of the existing RCRA groundwater monitoring wells will continue 
semi-annually for two years after the cover is installed. The constituents that will be 
monitored are VOCs and metals. The purpose of this monitoring is to evaluate upgradient 
versus downgradient groundwater quality at the Present Landfill. Groundwater sampling 
results will be evaluated in accordance with RFCA Attachment 5 ,  Section 3.0, Ground 
Water. After two years of monitoring, the RFCA parties will consult to determine what, if 
any, further groundwater monitoring is required. 
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This proposal is consistent with 6 CCR 1007-3 265.1 17(a)(2), which allows CDPHE to 
shorten the post-closure care period if the agency finds that the reduced period is 
sufficient to protect human health and the environment. 

6.2.2.3.3 Prevent Run-on and Run-off From Eroding or Damaging the Cover 
The landfill cover will be graded to allow positive surface water drainage (slopes of 3% 
to 5%) into perimeter drainage ditches that will collect and direct surface water flow from 
both inside and outside the landfill footprint. Erosion of the cover from storm or wind 
events is extremely unlikely with the cobbled surface of the landfill. In addition, water 
that infiltrates the soil layer of the composite cover will be removed by the geosynthetic 
drainage net above the flexible membrane liner and flow into the perimeter drainage 
ditches. This prevents a build-up of-water over the flexible membrane liner. 

, 

Following construction of the cover, inspection and maintenance activities of the 
perimeter drainage ditches will be performed quarterly. The perimeter drainage ditches 
will be visually inspected for signs of erosion and weeds. Routine maintenance, as 
necessary, includes repairing areas with soil erosion blankets and reseeding. 

Routine maintenance will be conducted to prevent run-on and run-off from eroding or 
damaging the cover. Inspection results, repairs, and routine maintenance will be 
documented in annual reports to the regulatory agencies and may be combined with 
future site-wide maintenance and monitoring reports. 

6.3 RFCA Attachment 10 

RFCA Attachment 10 requires that after the cover has been installed, groundwater points 
of compliance (POC) for the unit be designated. The POCs may utilize existing 
monitoring wells to the greatest extent possible. As previously discussed, existing IMP 
wells will be used for groundwater monitoring. 

RFCA Attachment 10 requires that groundwater “design concentration limits” (DCLs) be 
calculated as a design criteria for the cover. DCLs are calculated at the unit boundary 
and assume an ongoing release from the unit, but at levels that are protective of human 
health and the environment, consistent with the RFETS Vision (RFCA Appendix 9). 
DCLs would be back-calculated from the surface water quality standards in RFCA 
Attachment 5, Table 1. Groundwater at the unit boundary exits the ground at the Present 
Landfill seep. The Present Landfill seep is contaminated with low levels of volatile 
organics, notably benzene and vinyl chloride, sometimes at levels slightly above RFCA 
Attachment 5, Table 1 surface water action levels and Maximum Concentration Limits 
for drinking water. The cover is designed to reduce infiltration by over 90% and 
effectively reduce the formation of leachate that could contribute to groundwater 
contamination that daylights at the Present Landfill seep to adequately protect human 
health and the environment. The analysis of groundwater in Appendix C downgradient of 
and lateral to the unit boundary indicates that the Present Landfill without any cover 
(other than the present 1-2 feet of soil) is not contributing contaminants to groundwater in 
the vicinity. Based upon the foregoing considerations, the RCRA subtitle C cap proposed 
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for the Present Landfill is not based upon a DCL criterion, but rather upon a design 
infiltration rate that meets RCRA subtitle C requirements and guidance criteria. 

Per Attachment 10, at the POCs, compliance would be based on non-exceedance of 
“alternate concentration limits (ACL) at units/areas with no groundwater contamination 
or levels of contamination less than the ACLs”. ACLs are similar to DCLs, but are based 
on concentrations to be achieved at wells downgradient of the unit boundary. ACLs are 
also back calculated from the surface water quality standards in RFCA Attachment 5, 
Table 1 so as to be protective of the most directly impacted surface water. 

Eighteen years of groundwater monitoring, the integrated hydrologic modeling results, 
and historical analysis do not indicate groundwater contamination from the Present 
Landfill at the existing monitoring wells. Consequently, no ACLs are calculated. The 
existing downgradient RCRA groundwater monitoring wells will be groundwater POC 
wells for RFCA Attachment 10. Changes in downgradient versus upgradient groundwater 
quality as measured at these groundwater wells will require consultation between the 
RFCA Parties to determine if changes to the remedy are required. 

. 

6.4 Air 

The proposed action h& the potential to generate fbgitive particulate emissions, but very 
little potential for hazardous air pollutant emissions. Subpart H of 40 CFR Part 61 
contains the requirements for monitoring and reporting activities within DOE facilities 
that have the potential to emit radionuclides other than radon; no potential emissions 
from the proposed action that may affect 40 CFR 61 compliance have been identified that 
may result from this action, but normal perimeter NESHAPs compliance air monitoring 
will be conducted during the cover installation. 

j 

Colorado Regulation No. 1 (5 CCR 1001-3) governs opacity and particulate emissions. 
Section I1 of Regulation No. 1 addresses opacity and prohibits stack emissions from fuel- 
fired equipment exceeding 20 percent opacity. Section I11 addresses the control of 
particulate emissions. Fugitive particulate emissions will be generated from construction 
and transportation activities. During construction activities, dust minimization 
techniques, such as water sprays, will be used to minimize suspension of particulates. In 
addition, construction activities will not be conducted during periods of high wind. The 
substantive requirements of Regulation No. 1 will be incorporated into a Dust Control 
Plan, which will define the level of particulate control for the project. 

Colorado Regulation No. 3 (5 CCR 1001 -5) provides CDPHE with the authority to 
inventory emissions and Part A describes Air Pollutant Emission Notice (APEN) 
requirements. Air quality management subject matter experts will evaluate the project 
emissions and, if applicable, an APEN will be prepared to facilitate CDPHE’s inventory 
process. 

The final surface of the landfill cover will appropriately reduce the potential post-action 
wind erosion of soil and subsequent particulate emissions. 

Significant air emissions are not anticipated after. the closure construction is complete. 
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6.5 Compliance with NPDES ARARs 

6.5.1 Permit Waiver Requirements 

Appendix E to this IM/IRA presents the Applicable or Relevant and Appropriate 
Requirements that apply to the Present Landfill closure. Specifically, water discharged 
from the landfill would be subject to reblation under the Federal Water Pollution 
Control Act (aka Clean Water Act [CWAJ), 33 USC 1251 et seq., the National Pollution 
Discharge Elimination System (NPDES) regulation under 40 CFR Part 122. For the 
activities described in this document, the substantive requirements of 40' CFR 122.28 will 
be met to the extent practicable. 

6.5.2 Present Landfill Point Source Discharge Compliance 

The following information specifically addresses the requirements listed above. 

6.5.2.1 Permit Required 
Present Landfill seep water is, intercepted in a perforated pipe that directs water into a 
settling basin. Dense solids settle in the basin and the remaining water is directed to a 
vault where the Present Landfill seep flow is measured. Water then flows over flagstone 
steps (waterfall) before flowing into the East Landfill Pond. This is the treatment unit and 
outfall requiring an NPDES discharge permit, except as excluded under CERCLA 
12 1 (d)( 1). 

6.5.2.2 Requirements to Obtain a Permit 
The requirements for NPDES permit applications are set forth at 40 CFR Part 122, which 
speciQ that an applicant must complete an EPA Form 2-C, and supply all relevant 8 

facility information. The Present Landfill, Present Landfill seep description and water 
quality information contained in this IM/IRA are the same as would be included in an 
NF'DES permit application. When issued, the NPDES permit specifies effluent 
limitations for the prospective outfall, based on water quality standards applied to the 
receiving water and the potential impacts of the discharge on the receiving waters. The 
permit would also require routine monitoring of the effluent and routine reports to the 
issuing agency. 

6.5.2.3 How the Present Landfill IMZRA Meets the Requirements 
The NPDES outfall will be at SW00196. (This is the monitoring location after treatment.) 
The parameters that will be monitored are VOCs and metals. The effluent limits are the 
surface water standards applicable for the receiving water as listed in RFCA Attachment 
5, Table 1. After the cover is installed, monitoring at SW00196 will be conducted 
quarterly for two years. A validated exceedance of an effluent limit will trigger an 
increase in monitoring to monthly for three consecutive months. Continued exceedances 
during the three-month period will trigger consultation between the RFCA parties to 
evaluate whether a change to the remedy is required, additional parameters need to be 
analyzed or if a different sampling frequency is required. If no exceedances are detected , 
during the two-year period, then the monitoring frequency will change from quarterly to 
semi-annually for an additional two-year period. A validated exceedance of an effluent 
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limit will trigger an increase in monitoring to monthly for three consecutive months. 
Continued exceedances during the three-month period will trigger consultation between 
the RFCA parties to evaluate whether a change to the remedy is required, additional 
parameters need to be analyzed or if a different sampling frequency is required. During 
the CERCLA periodic review, the RFCA Parties will evaluate whether continued 
monitoring at SW00196 is required. 

. .  
Finally, NPDES permits require that routine reports of monitoring activities be submitted 
to the permitting authority. Results of the monitoring described in this section will be 
reported annually. These reporting obligations meet the substantive requirements of the 
NPDES permit and become part of the Administrative Record. 

6.5.3 RCRA Wastewater Treatment Unit Exclusion 

The Present Landfill seep discharge contains landfill leachate that is mixed with 
groundwater. Since the Present Landfill seep discharge is regulated under NPDES it is 
not a solid waste and therefore not a hazardous waste at the point where it is a regulated 
NPDES discharge (Section 261.4(a)(2) of 6 CCR 1007-3) (which, under CERCLA is 
eligible for a permit waiver as described in sections 6.5.1 and 6.5.2). 

For the leachate collection and treatment system upstream of the NPDES regulated 
discharge point under sections 100.10(a)(6) and 265.1 (c)( 10) of the Colorado Hazardous 
Waste Regulations, owners and operators of “wastewater treatment units” (WWTU), as 
defined in 6 CCR 1007-3, Part 260.10, are exempt from hazardous waste permit 
requirements. 

A WWTU means a device that: 

(1) Is part of a wastewater treatment facility which is subject to regulation 
under either Section 402 or Section 307(b) of the Clean Water Act; and 

(2) Receives and treats or stores an influent wastewater which is a hazardous 
waste as defined in Section 261.3 or . . . and 

(3) Meets the definition of a tank or tank system in Section 260.10. 

Present Landfill seep water is intercepted in a perforated pipe that directs water to a 
settling basin. Dense solids settle in the basin and the remaining water is directed to a 
vault where the Present Landfill seep flow is measured. Water then flows over flagstone 
steps (waterfall) before flowing into the East Landfill Pond. This is the wastewater 
treatment unit for the Present Landfill seep. 

CDPHE issued a “Policy on Wastewater Treatment Unit Exemption” in June 1991 and a 
“Guide to Implementing the Division’s Treatment Unit Policy” in January 2000 
(collectively “CDPHE WWTU policy and guide”) that established certain conditions or 
criteria related to the requirements that must be met for the exemption to apply. 

Requirement 1 : 
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The CDPHE WWTU policy and guide provides that generally, the unit must be in the 
immediate vicinity of the main structures and/or point(s) of discharge of the wastewater 
treatment facility, and the unit must be directly involved in the actual treatment or storage 
of the wastewater. 

The point of discharge of the passive seep interception and treatment system is a point 
source discharge of the wastewater treatment facility (SW00196) that is subject to 
NPDES permitting requirements as identified in section 6.5, Compliance with NPDES 
ARARs. The system is directly involved in the actual treatment and storage of 
wastewater. 

Requirement 2: 

Under the CDPHE WWTU policy and guide the following criteria must be met for a 
hazardous waste to qualify as a “wastewater”: 

1. The WWTU must be part of a “designated facility” as defined in 6 CCR 1007-3, 
’ Part260. 

2. Water content of the waste must be at least 90% by weight. 

3. Total Organic Carbon (TOC) of the waste must be less than 1% (from 6 CCR 
1007-3, Part 268 definition). 

4. Flash point of any phase of the waste must be above 140 degrees F. 

5. The waste must not have any phase which would cause the waste to exhibit the 
characteristic of reactivity, as defined in 6 CCR 1007-3, Section 261.23. 

6. Any facility utilizing the WWTU exemption must be able to demonstrate 
compliance with the above criteria through records of hazardous waste 
determinations, waste characterizations or analysis. 

7. Thermal treatment is not an exempt treatment process unless specifically 
approved by the Division in writing. 

Criterion 1 applies to shipment of wastewater to an offsite facility for disposition and 
criterion 7 is not part of the proposed action. Based upon review of historical analytical 
information for Present Landfill seep water shows that it meets Criteria 2 through 5. 
Therefore, under the criteria, the Present Landfill seep water is a wastewater. 

Requirement 3 : 

6 CCR 1007-3, Part 260.10 defines “tank” as a stationary device, designated to contain an 
accumulation of hazardous waste, which is constructed primarily of non-earthen 
materials (e.g., wood, concrete, steel, plastic) which provides structural support. A “tank 
system” means a hazardous waste storage or treatment tank and its associated ancillary 
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equipment and containment system. Under the CDPHE WWTU policy and guidance, 
tanks that manage wastewater must be a dedicated part of the WWTU. 

The Present Landfill seep flows from the bottom of the east face of the Present Landfill, 
through a 4-inch PVC perforated pipe, into a precast concrete tank (6-foot wide, 12.5 feet 
long, 7 feet deep) to settle any dense solids from the Present Landfill seep flow. Present 
Landfill seep flow from this tank then flows into another 1 0-foot diameter vault that 
measures Present Landfill seep flow. Water from this final tank flows by gravity into the 
passive aeration system (flagstones) through a 4-inch PVC pipe. (See, Figure 5.) 

The system meets the 260.10 definition of a tank or tank system and is a dedicated part of 
the WWTU. 

6.6 Surface Water 

The East Landfill Pond will be allowed to discharge through a flow through structure into 
No Name Gulch, which is connected to Walnut Creek. Surface water monitoring for this 
Creek is conducted at the existing Indiana Street surface water point of compliance 
(POC). 

6.6.1 Stormwater 

Given the expected conditions at the Present Landfill site, no significant surface water 
impacts are anticipated as a result of stormwater events. However, because the total area 
of the project is greater than 1 acre and the location is outside the IA, which has an 
effective National Pollutant Discharge Elimination System (NPDES) Permit for Storm 
Water, the proposed action would require an NPDES Storm Water Permit for 
Construction Activities, but for the fact that it is a CERCLA action Paragraphs 16 and 17 
of RFCA establish the requirements under which a CERCLA permit waiver applies. For 
any action that would require a permit but for CERCLA, Paragraph 17 requires that the 
following information be included in the submittal: 

6.6.1.1 Permit Required 
Because the landfill cover construction project is greater than 1 acre in size and lies 
outside of the Site Industrial Area, an NPDES General Storm Water Permit for 
Construction Activities would be required. The permit is found at 40 CFR Part 122, and 
is obtained by filing a Notification of Intent (NOI) with EPA. This IMAM serves as the 
NO1 for the Present Landfill. 

6.6.1.2 Requirements to Obtain a Permit 
Because the stormwater permit for construction activities is a general permit, it has been 
through public comment and promulgated by EPA. Obtaining the permit is through the 
NO1 (i.e., a letter submittal to the agency containing basic information about the project). 
The permit requires the installation of best management practices and structural storm 
water controls, such as silt fences, to protect downstream waters from potential surface 
water contaminants (for example, sediment-laden runoff). These requirements will be 
part of the cover design. I 
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6.6. I.3. How Stormwater Control Measures Meet the Requirements 
The total area of disturbed soil is approximately 30 acres, including the area of the 
landfill to be resurfaced (28 acres) and miscellaneous construction activities (2 acres). 
Surface water control measures will be used to minimize surface water contact with 
potentially contaminated soil or groundwater and minimize erosional effects during the 
construction activities. Precipitation falling on areas where construction is in progress 
will be diverted to existing surface water drainage ditches. Other shallow ditches will be 
temporarily constructed as needed to prevent sediment-laden stormwater from flowing 
directly into No Name Gulch. Newly-constructed soil surfaces will be stabilized using 
soil terracing, revegetation hydromulch, straw-mulch, silt fencing, and other storm water 
best management practices (BMPs) to minimize soil erosion, sediment transport, and 
surface water quality degradation until the required vegetation is established. The use of 
straw-mulch, adequately spaced silt fences, and other appropriate measures minimizes 
soil loss and allows the vegetative to become established. 

0 

6.6.2 Remediation Wastewater 

Remediation wastewater generated during construction activities will be managed 
consistent with provisions of the RFCA Implementation Guidance Document (IGD) 
(DOE et al. 1999). Remediation wastewater will be collected, characterized, and 
transferred to an approved treatment unit for processing (i.e., the Site sewage treatment 
plant or another approved onsite or offsite treatment facility), or it will be directly 
discharged in accordance with requirements of the Site's Incidental Waters Program (K- 
H 2003a). 

6.7 Wildlife 

Construction activities may impact migratory birds protected by the Migratory Bird 
Treaty Act, and the Fish and Wildlife Conservation Act. Due to the variations in 
potential impacts depending upon the season and nesting schedules for migratory birds, 
the substantive requirements of these federal statutes will be evaluated by the Site 
Ecology group prior to conducting activities associated with the proposed action. The 
substantive requirements identified during the evaluation will be implemented throughout 
the construction process. 
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7.0 ENVIRONMENTAL IMPACTS 

Paragraph 95 of RFCA specifies that National Environmental Policy Act (NEPA) values 
will be included in WETS decision documents (DOE, et al. 1996). While environmental 
consequences are addressed in part throughout this decision document, this section of the 
IM/IRA specifically examines environmental impacts and satisfies the RFCA 
requirement for NEPA values assessment. 

0 

The environmental consequences analysis relies heavily on analyses and conclusions 
reached in the CID (DOE 1997) and 2000 CID Update Report (DOE 200 1 ), both of 
which focus on cumulative impacts resulting from onsite closure activities. In general, 
the proposed action will have very little adverse long-term impacts on a variety of 
resource areas, including air quality, water quality, traf5c congestion, and ecological 
resources. In some instances, the impacts could be intense during construction. Impacts 
will not notably affect human health and safety, or the environment, and they will be 
temporary and controlled through mitigation actions. For example, dust will be controlled 
with water sprays during placement of the cover. 

7.1 Impacts to Air Quality 

The purpose of this section is to assess the potential impacts to air quality associated with 
the proposed installation and maintenance of the soil cover, including fugitive dust 
emissions and methane emissions. 

7.1.1 Potential Fugitive Dust Emissions 

When a cover is placed over the landfill, this action will impact air quality; however, the 
impacts to air quality will be temporary, and will primarily occur from the operation of 
construction equipment. The primary pollutant generated as a result of the proposed 
action will be fugitive dust, which includes total suspended particulates (TSP), 
particulate matter 10 microns in size or smaller (PMlo), and particulate matter 2.5 
microns in size or smaller (PM2.5). Dust emissions from cover construction activities will 
be controlled with practical, economically reasonable, and technologically feasible work 
practices, as required by Colorado Air Quality Control Commission (CAQCC) 
Regulation No. 1. Specifically, onsite dust ,will be controlled through dust minimization 
techniques, such as the use of water sprays to minimize suspension of particulates, and 
terminating earthmoving operations during periods of high wind, as detailed in the Dust 
Control Plan. Particulate emissions will be short-term and controllable, and emissions are 
not expected to be above enforceable National Ambient Air Quality Standards 
(NAAQSs) at the WETS perimeter. Therefore, potential impacts to workers and the 
public from the proposed action will not be significant. 

7.1.2 Potential Methane Emissions 

Methane emissions from the Present Landfill have been estimated using EPA’s 
LANDGEM model. This model was used to estimate total landfill gas emissions by 
estimating methane, carbon dioxide, and nonmethane organic compound emissions 
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individually, and then summing the three results. The model indicated relatively low 
rates of landfill gas generation, with the majority (approximately 80 percent) of methane 
and total landfill gas production occurring by the year 2025. Landfill methane emissions 
are not anticipated to impact the environment Potential Equipment Emissions. 

Cover construction activities will also include operation of vehicles, heavy machinery, 
and other equipment that generate other criteria pollutants. Estimated concentrations of 
other criteria and hazardous air pollutants ( H A P S )  provided in the CID (DOE 1997) were 
well below the most restrictive occupational exposure limit, with the exceptions of sulfur 
dioxide, nitrogen dioxide, and carbon monoxide, which approached 50 percent of the 
most restrictive occupational exposure limit. The CID (DOE 1997) identified the 
primary sources of these pollutants as diesel-powered emergency generators used to 
supply backup power at WETS. According to the 2000 CID Update Report (DOE 
2001), maximum daily emissions will remain approximately the same as forecast in the 
CID (DOE 1997). Equipment emissions from cover construction activities are expected 
to be substantially less than the CID (DOE 1997) and 2000 CID Update Report (DOE 
2001) estimates; therefore, impacts to workers and the public are not aconcern. 

0 

0 
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7.2 Impacts to Surface Water 

Construction activities associated with installation of the cover will result in surface 
disturbance from the clearing of vegetation, excavation and salvage of topsoil material, 
blading and leveling of land preceding construction, and the potential for accidental 
uncovering of contaminated media. Potential impacts to surface water during the 
construction phase include increased erosion and subsequent sediment loading to the East 
Landfill Pond, perimeter drainage ditches and No Name Gulch during storm events. The 
RCRA Subtitle C compliant cover results in minimal potential for both sheet and 
channelized runoff, as well as wind and water erosion, resulting in decreased 
sedimentation of ditches and No Name Gulch. 

Cover construction may require some soil obtained from offsite commercial operations or 
onsite sources. NEPA analysis of on-site excavation of these borrow materials has been 
addressed in other site decision documents. Offsite facilities address these issues through 
permits issued.to the facility. 

The remedial construction activities are not expected to have any physical contact with 
contaminated soil or waste materials. In the event equipment and personnel come in 
contact with potentially contaminated materials during construction, decontamination 
will be performed at the WETS main decontamination facility to reduce potential 
impacts to surface water. 

Long-term impacts will be minimized because the cover will minimize infiltration of 
precipitation and subsequent contact with contaminants, thus reducing the volume of 
Present Landfill seep water discharged to the surface. In addition, the cover will 
incorporate surface drainage features to prevent run-odrunoff and provide erosion 
control. The proposed action will result in a decrease in the risk of contaminants 
reaching surface water by reducing the precipitation contacting contaminated soil or 
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waste materials and the continued operation of the Passive Seep Interception and 
Treatment System designed to meet surface water standards. Precipitation falling within 
the boundary of the landfill will be drained from the cover and diverted away from the 
landfill. Surface water drainage from areas outside the landfill boundary would be 
prevented from flowing onto the landfill and diverted around the boundary. Using 
appropriate surface-reclamation measures, a RCRA Subtitle C compliant cover will be 
established on the final surface of the landfill. The establishment of a RCRA Subtitle C 
compliant cover on stabilized slopes, contours of the landfill, and surrounding disturbed 
surfaces will greatly reduce erosion to levels, similar to surrounding areas. 

Post-closure monitoring activities will include inspections of the landfill surface and 
associated drainage ditch conditions. Observations of the cover and evidence of soil 
erosion and loss will be included in the routine inspection and maintenance activities. 
Further erosion control measures and regrading will be implemented if maintenance 
inspections indicate the landfill surface reclamation is not effective as planned. 

Therefore, potential impacts to surface water fiom the proposed action will not be 
significant. 

7.3 Impacts to Groundwater 

Current sources of groundwater recharge to the UHSU include infiltration of 
precipitation, snowmelt, stormwater run-off, and possible downward seepage from the 
East Landfill Pond. The level of groundwater rises annually in response to spring and 
summer recharge and declines during the remainder of the year. Groundwater flow 
direction generally mimics surface topography and the weathered bedrock surface. 
Groundwater flow modeling indicates that most, if not all, saturated zone groundwater 
within the UHSU are discharged to the surface at the Present Landfill seep. Present 
Landfill seep discharge is first treated and then flows into the East Landfill Pond. The 
dam located east of the East Landfill Pond significantly limits further downgradient 
migration of water from the surface. 

Local impacts to hydraulic gradients are expected because the cover will reduce surface 
water infiltration. The cover will cause an increase in surface water flows after storm 
events as water is shed laterally, rather than infiltrating the surface. Surface water 
drainage ditches will divert stormwater run-off around the landfill, resulting in further 
reduction of surface infiltration and groundwater recharge through the fill. 

The cover will provide an overall positive impact to groundwater in that the cover will 
reduce the amount of precipitation that is infiltrated into and through the landfill. As a 
result, less leachate will be generated at the landfill and less groundwater mixed with 
leachate will discharge to the surface at the Present Landfill seep. No significant impact 
to groundwater quality is expected from the remedial action, since no significant impact 
to downgradient groundwater quality is currently observed. 
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7.3 Impacts to Wildlife Vegetation 

Cover construction activities at the Present Landfill may temporarily affect vegetation 
communities and wildlife habitat in and around the area. .Temporary effects due to 
surface disturbance associated with cover construction and noise associated with heavy 
equipment are expected. 

Approximately 30 acres will be affected by construction activities, which will include 
resurfacing the landfill (28 acres), and miscellaneous activities, including the construction 
of staging areas (2 acres). Borrow area and staging area sites may be located in mid-grass 
prairie vegetation communities that currently contain a mixture of native and non-native 
plants. Revegetation of areas will include native prairie species. 

The period of increased equipment noise, vehicular traffic, and other human activity will 
last less than one year. During this time, sensitive wildlife species may avoid the area.. 
The area affected is highly variable and dependent on species and individuals. Some 
animals may habituate to the activity and return to the area. Although wildlife use of the 
area may be reduced because of this avoidance response, this part of Walnut Creek 
drainage does not represent critical habitat or breeding areas for Site wildlife. 

Long-term impacts on ecological resources will include physical alteration of terrestrial 
habitats. Physical alteration of the habitats will include degradation andor permanent 
loss of existing habitat. The primary areas involved are mid-grass prairie in the borrow 
and staging sites, and the mid-grass prairie immediately surrounding the landfill and East 
Landfill Pond. The wetland and aquatic habitats associated with the pond, and the 
riparidgrassland areas immediately east of the pond, will not be impacted. 

As noted previously, the potential borrow area and staging area sites represent only a 
temporary loss of habitat because they will be revegetated with native species after 
completion of the landfill cover. Therefore, potential impacts to wildlife and vegetation 
during implementation of the proposed action will not be significant. 

The proposed present landfill cover will result in a permanent loss of habitat over 
approximately 28 acres; however, the amount of habitat lost to the cover is a small 
fraction of the overall amount of habitat available in the region. 

7.4 Impacts to Transportation 

The proposed action will only slightly impact both onsite and offsite transportation 
systems. Increased onsite truck traffic will be an inconvenience; however, safety risks 
will be low and impacts will be mitigated by very low and closely observed speed limits. 
In comparison analyses in the CID (DOE 1997), offsite traffic impacts will not increase 
substantially. Therefore, potential impacts to transportation from the'proposed action will 
not be significant. 
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7.5 Impacts to Cultural and Historic Resources 

The Rocky Flats Plant site was placed on the National Register of Historic Places as a 
Historic District (5JF1227) on May 19, 1997. Historic District designation mandates 
compliance with the Historic Preservation Act of 1966, and the Programmatic Agreement 
among DOE, the Colorado State Historic Preservation Officer, and the Advisory Council 
on Historic Preservation Regarding Historic Properties at WETS. While the remedial 
action will be conducted within the Historic District boundaries, no impact will occur to 
protected structures. 

7.6 Impacts to Visual Resources 

During installation of the cover, bulldozers and other equipment may be visible from 
offsite locations. Dust generated during earthmoving operations may be temporarily 
visible, but will dissipate and will not leave the Site as a visible cloud or plume of dust. 
Control measures, such as watering, will be used if needed to control dust. Therefore, 
potential impacts to visual resources during implementation of the proposed action will 
not be significant. The RCRA Subtitle C compliant cover may present a long-term impact 
to visual resources since cover is topped with cobbles. 

7.7 Noise Impacts 

Noise levels may be elevated during construction of the cover. These levels will not 
exceed those commonly encountered at a highway construction site. Appropriate hearing 
protection will be supplied to project personnel as identified in the project-specific Health 
and Safety Plan Therefore, potential noise impacts from the proposed action will not be 
significant. 

7.8 Cumulative Impacts 

The proposed action supports the overall mission to clean up WETS and make it safe for 
future uses. The cumulative effects of this broad, Sitewide effort are presented in the 
CID (DOE 1997) and 2000 CID Update Report (DOE 2001), which describe the short- 
term and long-term effects from the overall cleanup mission. 

The primary focus of the CID (DOE 1997) is on cumulative impacts resuIting from onsite 
activities conducted during Site closure. Cumulative impacts result from the effects of 
Site closure activities and other actions taken during the same time in the same 
geographic area, including offsite activities, regardless of what agency or person 
undertakes such other action. The analysis contained in the 2000 CID Update Report 
(DOE 2001) includes updated onsite and offsite transportation activities, as well as 
several new offsite activities, although the future non-DOE projects are relatively 
uncertain. Increased traffic congestion will be the most noticeable impact according to 
the 2000 CID Update Report (DOE 2001), resulting from increased WETS traffic and 
other planned or proposed construction projects near WETS. Air pollutants and noise 
will also have adverse impacts; however, the impacts are expected to be short-term in 
nature, with staggered project start and completion dates. 
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The cumulative impacts of the proposed action are expected to be similar to those 
analyzed in the CID (DOE 1997) and 2000 CID Update Report (DOE 200 1). Over the 
short term, additional construction personnel will have an additive effect on the existing 
workload for Site operations, and there will be increased air emissions, visual impacts, 
noise, and traffic impacts resulting from construction activities. These short-term 
impacts will be minimal. Long-term impacts (i.e., Present Landfill cover construction 
activities in conjunction with other ER work and facility decommissioning activities) 
facilitate fbture use of the Site and fulfill the mandated cleanup objectives. 

0 

7.9 Irreversible and Irretrievable Commitment of Resources 

The proposed action will result in a variety of permanent commitments of resources; 
however, it is not expected to result in a substantial loss of valuable resources. Most of 
the resources used for construction of the cover are permanently committed to 
implementation of the remedial action. Irreversible and irretrievable resources are 
defined as resources that are either consumed, committed, or lost. At the Present 
Landfill, irreversible and irretrievable resources include the following: 

0 
e 

e 

Consumptive use of geological resources (e.g., quarried rock, clay, sand, and 1 

gravel for road construction) will be required for construction activities. Supplies 
of these materials kill be provided by an onsite or offsite commercial borrow 
source. The proposed action requires a permanent commitment of a RCRA 
Subtitle C compliant cover to construct the Present Landfill cover. However, 
adequate supplies are available without affecting local demand for these products. 

Fuel consumed by construction equipment and vehicles used for the construction 
of the Present Landfill cover will not be recovered. 

Resources that are accessible by excavation or drilling within the cover and that 
underlie the Present Landfill will be lost. 

The commitment of up to 30 acres of land as a landfill permanently commits and 
constrains the area to limited land-use options. 

Wetlands and associated natural resources will not be reduced at the Present 
Landfill. Long-term direct impacts to the floodplain resulting in changes of flood 
elevations will not occur. 

A long-term commitment of personnel and funds will be required to perform post- 
closure inspection, maintenance, and monitoring activities. 

Commercial, industrial, and residential land uses are permanently prohibited 
within boundaries of the Present Landfill due to construction of the cover and the 
network of monitoring wells. Groundwater use will also be prohibited. 

' 

Incidental resources that are consumed, committed, or lost on a temporary and/or 
partial basis during construction include construction personnel and equipment, 
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the construction water source, and some construction materials for staging and 
access. 

Monitoring and maintenance activities will be performed, as necessary, to ensure long- 
term protection of human health and the environment. 

8.0 ADDITIONAL LONG-TERM STEWARDSHIP CONSIDERATIONS 

The objective of this section is to identify additional post-closure care (that is, long-term 
stewardship) requirements of the proposed accelerated action for the Present Landfill. 
These requirements are necessary for the long-term effectiveness of this remedy and 
influde the following components: information management, periodic review, and 
maintenance of a responsible controlling authority. Other requirements necessary for the 
short- and long-term effectiveness of the remedy are identified in Sections 5 and 6 ,  
including institutional controls, inspection and maintenance, and environmental 
monitoring. These requirements are specific to the accelerated actions described in this 
IM/IRA and are summarized in Table 7. Additionally, these requirements will ultimately 
be captured (along with post-closure care requirements from other accelerated actions at 
Rocky Flats) in post-closure regulatory documents, which may include the final 
CADROD for Rocky Flats, any post-closure WCA-type agreement, or a post-closure 
RCRA permit. 

* 

8.1 Information Management 

A successful stewardship program is dependent on retaining the necessary records about 
the history and residual contamination of the site. Retained information should include 
the history of the site, the COCs, the selected remedies, the use of controls and their 
associated monitoring and maintenance records, and any other information judged 
necessary for succeeding generations to understand the nature and extent of the residual 
contamination. At a minimum, the following records will be retained, stored, and 
retrievable for this accelerated action: 

0 

0 This IM/IRA and any future modifications; 

0 

0 

0 

0 Inspection records and logbooks; 

The final design for the cover and field change requests; 

The as-built drawings of the cover; 

The monitoring and maintenance manual and subsequent revisions; 

0 Maintenance records and logbooks; 

0 Annual performance assessment reports; 

0 
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Table 7. Summary of Present Landfill Post-Accelerated Action Monitoring, Maintenance, and Institutional Control 
Requirements 

(6.2.2.3.1) 

Drainage Ditches 

(6.2.2.3.3) 

Quarterly 

Quarterly 

Quarterly 

Differential Settling/ 

Subsidence 

Erosion 

Unwanted 
Vegetation 

Burrowing animals 

Erosion 

Unwanted 
Vegetation 

Analyze for VOCs 
and metals. Effluent 
limitations are the 
surface water 
standards. (RFCA 
Attachment 5 ,  Table 

Repair, as necessary. 

Repair erosion areas with soil and rock, as 
necessary. 

Remove deep rooting trees or employ weed 
control measures, as necessary. 

Remove and repair damage, as necessary. 

Repair erosion areas with soil, erosion 
blankets and reseeding, as necessary. 

Remove deep rooting trees or employ weed 
control measures, as necessary. 

If a surface water standard is exceeded, 
sampling will increase to monthly for three 
consecutive months. If exceedances 
continue, the RFCA Parties will consult to 
determine whether a change in the remedy 
is required; additional parameters need to 
be analyzed; or if a different sampling 
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-9 
-s 

Passive seep 
interception and 
treatment system 
(5.2) 

Groundwater 

(6.3 and 
6.2.2.3.2) 

Institutional and 
Physical 
Controls (5.3.1) 

Visual Inspection 

Sampling 

Visual Inspection 

Frequency of .Action . .?. 

* z  . + -4 
'*. 

Quarterly 

Quarterly 

Quarterly 

System components 

Unwanted 
Vegetation Control 

_ _ _ _ ~  

Erosion 

Increasing trend in 
VOCs and metals in 
downgradient versus 
upgradient RCRA 
groundwater 
monitoring wells. 

Security and Access 
Controls; and overall 
site conditions 

frequency is required. 

Repair, as necessary. 

Employ weed control measures, as 
necessary. 

Repair erosion areas with soil and rock, as 
necessary. 

Statistically significant changes in 
downgradient versus upgradient 
groundwater quality will require 
consultation between the RFCA parties to 
determine if changes to the remedy are 
required. 

Check signs, fences (if required), markers, 
and overall condition of the present 
Landfill site to determine continuing 
effectiveness of institutional and physical 
controls. 
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CERCLA. five-year review reports; 

Correspondence between the agencies associated with modifications to the post- 
closure care regime; 

The Memorandum of Understanding (MOU) between DOE and the U.S. 
Department of Interior (DOI) (identifying the controlling authority; 

TheCADR0D;and 

0 The WETS Historical Release Report (HRR) and other relevant historical 
documentation. 

This information will be maintained in the Administrative Record (AR) File. Currently, 
the AR File is maintained onsite. DOE is currently looking at options for retention of 
permanent records following Site closure. 

8.2 Periodic Assessments 

I 

0 ; 

Periodic assessments are performed to determine whether the selected remedies and 
stewardship controls continue to operate as designed, and ascertain whether new 
technologies might exist to eliminate remaining residual contamination in a safe and cost- 
effective manner. The CERCLA five-year review process is required for all Superfund 
sites that leave residual contamination behind after closure, and will establish the 
minimum requirements for post-closure periodic assessments. EPA Comprehensive Five- 
Year Review Guidance (2001) describes the format of the review and suggests 
mechanisms that can be implemented through the five-year review process to ensure the 
protectiveness of the remedy. 

DOE is responsible for conducting the five-year reviews. EPA then issues a finding of 
concurrence or nonconcurrence. RCRA also requires periodic assessment. The public 
has indicated an interest in performing reviews more frequently than the five-year 
interval specified in CERCLA. DOE intends to work with its stakeholders to arrive at a 
review regimen that meets community needs. 

The periodic assessment will include actions such as evaluating monitoring and 
maintenance records, verifying regulatory compliance, and determining whether land use 
assumptions are still valid. Specific topics for the periodic assessment for the Present 
Landfill are likely to include: cover performance, passive seep interception and treatment 
system effectiveness, and the need to continue or modify Present Landfill seep treatment 
and water quality monitoring at SW00196. 

8.3 Controlling Authority 

Long-term protection of human health and the environment necessitates that a controlling 
authority be established with responsibility for post-closure management. CERCLA 
mandates that DOE, as a responsible party, will retain responsibility for the 
contamination at RFETS resulting from its activities there, as well as responsibility for 
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long-term maintenance of any remedies. The Rocky Flats National Wildlife Act of 2001 
requires that, following certification by EPA, certain lands of the current Site will be 
transferred from the Secretary of Energy to the Secretary of the Interior. These lands 
would be under administrative jurisdiction of the Service. The Act also requires the 
Secretary of Energy to retain administrative jurisdiction over Site lands required to carry 
out response actions required for the cleanup and closure of the Site. The MOU currently 
being negotiated between DOE and DO1 will outline this process, although it is unlikely 
the final boundaries of the land to be transferred will be determined until the final 
cleanup and closure plans are approved. However, the Present Landfill will remain under 
the administrative jurisdiction of the Secretary of Energy. 

8.4 Reporting requirements 

Sections 5 , 6 ,  and 8 include annual reporting requirements for data results, inspection 
results, repairs, and routine maintenance. These requirements may be combined into one 
report and may be combined with future site-wide maintenance and monitoring reports. 

9.0 IMPLEMENTATION SCHEDULE , 

It is anticipated that the remedial action will be implemented during Fiscal Year 2004. 

10.0 CLOSEOUT REPORT 

Upon completion of cover construction activities at the Present Landfill, a Closeout 
Report will be prepared in accordance with RFCA to address cover construction. The 
Closeout Report will document the work completed within the scope of this IMRA.  
The expected outline for the Closeout Report is as follows: 

Introduction; 

Construction description; 

0 

Dates and duration of specific activities (approximate); 

Deviations from the decision document; 

Final disposition of wastes (actual or anticipated, if required); 

Upon completion, the Closeout Report will be submitted for review and approval by 
CDPHE and EPA, and placed in the AR File. 

Description of unit closure activities; 

Demarcation of wastes left in place (i.e., survey bench marks and measurements); and 

Demarcation of areas requiring access controls. 
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11.OADMINISTRATIVE RECORD 

The AR File will contain the Present Landfill IMAM, including scoping meeting 
minutes, unit-specific information for RCRA-regulated units undergoing closure, and the 
Final Closeout Report for the project. In addition, project-specific information, such as 
project correspondence, work control documents, and other information generated as a 
direct result of this project, will be filed in the Project Record.. The Project Record files 
will be transferred to Site Records Management upon completion of the Final Closeout 
Report. 

0 

12.0RESPONSIVENESS SUMMARY 

Responses to comments received during the formal public comment period, including 
comments fiom the regulatory agencies, will be documented in Appendix F once 
comments are received. 
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1.0 INTRODUCTION 

This report summarizes development of an integrated hydrologic flow model for the 
Present Landfill at Rocky Flats Environment Technology Site (RFETS or Site). In this 
section, the purpose of the study is presented first in Section I .  1, followed by the study 
scope in Section 1.2, and finally the organization of the report in Section 1.3. 

1.1 Purpose 
The purpose of this study was to develop an integrated hydrologic flow model that can be 
used to better understand the surface and subsurface flow in the Present Landfill area. 
There are many benefits of developing an integrated hydrologic model for the Present 
Landfill. For example, integrated codes are capable of simulating all of the major landfill 
features in a physically more realistic fashion than single process codes. Previous 
modeling efforts in the area relied upon single process codes, like MODFLOW, to 
simulate only groundwater flows. However, MODFLOW does not simulate surface 
flows, or unsaturated zone flows, that are important in determining system processes such 
as groundwater recharge, which are inherently complex and spatially and temporally 
variable. 

The integrated hydrologic model developed in this study produces several types of output 
that are useful in evaluating system flows. This should improve the understanding of the 
integrated flow behavior within the landfill system. Some of the key output generated by 
the integrated model include the following: 

Spatial and temporal distribution of groundwater flow rates and directions 
(pathways); 

0 Lateral flows in waste, unconsolidated material, and weathered bedrock; 

Lateral flows in unweathered bedrock; 

Spatial and temporal distribution of water levels in unconsolidated material, and the 
weathered and unweathered bedrock; 

Temporal variability in key components of the water budget @e., evapotranspiration 
[ET], recharge, snowmelt, surface runoff, groundwater flow, and unsaturated zone 
flow among others for any specified area); and 

It should be recognized that the ability of the model to accurately predict any of the above 
system responses depends on the available data quality and quantity. It also depends on 
the underlying complexity of the system, which may not necessarily be characterized 
well using available data. 

Seepage rates and seep locations. 
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1.2 SCOPE OF WORK 
The modeling study includes three primary objectives outlined below: a 

Develop an integrated conceptual and numeric hydrologic model of the Present 
Landfill flow system; 

Use the model to evaluate current integrated flow conditions, flow magnitudes, and a 
general water balance for the Present Landfill system; and 

Use the model to simulate hydrologic changes to the system using a hypothetical 
landfill cover. 

The integrated model developed in this study follows the same general approach used to 
develop the regional Site-Wide Water Balance (SWWB) model (K-H 2002a). Because 
the Present Landfill model study area is much smaller than in the SWWB model, the 
underlying numeric grid resolution can be increased substantially. In this model, the 
mathematical model grid is refined to a 50- by 50-foot size to more accurately simulate 
smaller features, such as the groundwater intercept system (GWIS). 

1.3 Report Organization 
The main body of this report summarizes key steps in developing and applying the 
integrated Present Landfill flow model, namely: 

a 0 The study purpose, scope, and report organization are presented in Section 1 .O. 

A brief background and study area are presented in Section 2.0. 

0 

0 

Available Site data and their interpretation are presented in Section 3.0. 

The integrated conceptual flow model is presented in Section 4.0. 

0 

0 

The general modeling approach is presented in Section 5.0. 

The numeric model input and design is presented in Section 6.0. 

0 The integrated numerical model performance is described in Section 7.0 (Model 
performance includes calibration, validation, and sensitivity analyses). 

0 Development and results of a hypothetical scenario in which a landfill cover 
modification is simulated are presented Section 8.0. 

Model development and results are summarized and conclusions aremade in Section 
9.0. 

0 
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e 2.0 BACKGROUND SITE DESCRIPTION 

This section provides a brief description of the Present Landfill area, including physical 
features and historical operation. The information is taken from previous reports on the 
study area, emphasizing the Operable Unit (OU) 7. Final Work Plan (DOE 1994) and 
Draft Phase I Interim Measurehterim Remedial Action (IM/IRA) Decision Document 
and Closure Plan (DOE 1996). This background information provides a basis for 
discussion of the hydrologic conceptual model described in Section 1 .O. 

2.1 Study area 
The Present Landfill is located north of the Industrial Area (IA) on the western end of No 
Name Gulch (Figure 2-1). The area selected for the modeling is approximately 210 acres 
in size. The Present Landfill waste area within the modeled area is approximately 20 
acres. It is surrounded by natural terrain on the northern and western sides. To the south 
are features associated with the IA, including the Property Utilization and Disposal 
(PU&D) Yard. The Landfill Pond is impounded by a dam east of the Present Landfill, 
and is approximately 2.5 acres in size. 

The study area boundary includes all of the features that may impact the interpreted flow 
in the Present Landfill system. The northern and western boundaries were defined to 
include the surface water features of McKay and Church Ditches. The southern boundary 
is the base of the surface water drainage for North Walnut Creek. The eastern model 
boundary was set east of the landfill pond dam so that flows near the dam and 
immediately downgradient of the dam in No Name Gulch were included in the model. 

' 

a 
.Figure 2-1. Present Landfill Study Area - Site Map 

(ATTACHED) 

2.2 General Features and History 

2.2.1 Key Landfill Area Features 

Site features that affect system hydrology of the model area are shown on Figure 2-1. 
The features are briefly described below and in more detail in Section 3.0. 

LandJill Trench System 

The Landfill Trench System was placed around the northern, western, and southern sides 
of the Present Landfill in 1974. It was a horseshoe-shaped trench, 24 feet wide at the 
base, with 2: 1 (horizontal to vertical) side walls, and varied from 10 to 25 feet in depth. 
The GWIS, landfill clay barrier (LCB), and landfill drain (LD) were placed in the trench. 
The relationship between these features is shown on Figure 2-3. The LCB is a 1 0-foot- 
thick layer of lower-permeability material placed on the outer side of the landfill trench 
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system, designed to reduce flow between the Present Landfill and surrounding materials. 
The GWIS consists of a 1 -foot-wide, vertically sloping sand and gravel filter blanket on 
the outer side of the landfill trench. Around the majority of the Present Landfill, a 
perforated drain pipe was placed at the base of the filter blanket. The perforated pipe 
drains to nonperforated pipes that discharge collected groundwater to the former West 
Landfill Pond, East Landfill Pond, or No Name Gulch east of the landfill pond dam. The 
LD consists of a 5-foot-thick layer of gravel backfill placed in the bottom of the Landfill 
Trench System. The LD is approximately 12 feet wide at the base of the Landfill Trench 
System and was open at the eastern ends of the trench to discharge to the West Landfill 
Pond. The remaining space in the trench was filled during landfill operations. The 
trench,has been completely covered during landfill operations. 

NortWSouth Slurry Walls 

Two soil-bentonite slurry walls were constructed in 1982 to prevent groundwater 
migration into the expanded landfill area. These slurry walls are located to the north and 
south of the eastern portion of the Present Landfill. The slurry walls are believed to be 
tied into the LCB. The nonperforated section of the GWIS pipe crosses the slurry walls 
through a section of ductile iron pipe. The slurry walls are believed to penetrate the 
weathered bedrock zone. 

Waste characteristics 

The landfill received numerous solid waste streams from operations at WETS. The 
waste was delivered to the landfill during the day, spread and compacted, and then 
covered daily with soil. At the time of the Phase I investigation, soil cover material used 
in the landfill was obtained from Rocky Flats alluvium at a location outside the Present 
Landfill. 

a 

Base of Landfill 

The landfill was started at the western end of No Name Gulch. The base of the gulch was 
covered with onsite soil from a borrow area to a depth of 5 feet and approximately 20 feet 
in length across the channel to begin landfilling operations in 1968 (Rockwell 1988). 
The landfill appears to sit on native soil of varying thickness in most places and on 
weathered bedrock elsewhere. 

West Landfill Pond 

The LD drained to the West Landfill Pond. This was a temporary impoundment, 
approximately 0.5 acre in size. This area was covered by landfill expansion in May 1981. 
According to the 1988 Landfill Closure Plan (Rockwell 1988), the west embankment and 
pond were removed during landfill expansion. 
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Seep. 

Water from the landfill historically discharges as a seep at the base of the eastern face of 
the landfill. This location is known as surface water sampling location SW097. 

East Landfill Pond Dam 

An engineered dam structure with a spillway is present in No Name Gulch east of the 
landfill. This structure was constructed in 1974, with a low-permeability clay core keyed 
into bedrock. 

Current East Landfill Pond 

A pond stores accumulated water to the east of the landfill. The pond is approximately 
2.5 acres in size and is managed to maintain approximately 75 percent of capacity (5.5 
million gallons). The water was historically disposed of by spray evaporation to the 
north and south of the pond area. Since 1995, excess pond water has been handled by 
pumping to the A-Series ponds in the WETS system. Any references to the landfill pond 
in this report refer to the East Landfill Pond unless specifically noted otherwise. 

Natural System 

The natural system consists of unconsolidated, surficial, material overlying weathered 
bedrock. The surficial material is vegetated, with precipitation and ET being the 
dominant water balance components (K-H 2002a). 

. Surface Routing 

A surface water diversion ditch is located just outside the landfill fence and follows the 
fence perimeter on the northern and southern sides of the landfill. The ditch eventually 
discharges to drainages of No Name Gulch below the East Landfill Pond. 

McKay Ditch 

McKay ditch lies northwest of the Present Landfill. It is used intermittently by the City 
of Broomfield to transport water to the Great Western Reservoir east of WETS. 

.2-3 April 2003 



Integrated Hydrologic Model for the Present Landfill 

Figure 2-2. Present Landfill Features 
- 

(ATTACHED) 

Figure 2-3. Generalized Landfill Trench System (Rockwell, 1988) 

(ATTACHED) 

2.2.2 Brief Site History 

The history of the Present Landfill area has been described in detail in various documents 
(Rockwell 1988; DOE 1994; DOE 1996). From these reports, significant landfill 
modifications that likely impacted the system hydrology are as follows: 

1968 - Landfill operations began. 

1974 - Interim response action involved construction of the Landfill Trench System, 
landfill ponds, and surface water diversion ditch. 

1978 to 1981- Eastward expansion of the landfill covered the West Landfill Pond 
area. 

1982 - North and South slurry walls were constructed along the eastern expansion of 
the landfill. 

1985 to 1990 - Asbestos was disposed in pits east of the landfill. 

1993 - The landfill surface was regraded and reseeded. 

1996 - The initial treatment system was installed for the SW097 seep. 

1998 - The landfill waste disposal ceased and landfill was placed in “contingent 
closure status.” 

1998 - The landfill cover was reseeded. 

The 1974 interim response action resulted in the largest subsurface modification of the 
landfill hydrology. The action was undertaken in 1974 to control the generation and 
migration of landfill leachate. This action included construction of a surface water 
diversion ditch around the perimeter of the landfill, two detention ponds immediately east 
of the landfill, and a horseshoe-shaped trench around the current perimeter of the landfill. 
The trench included a subsurface GWIS for diverting groundwater around the landfill, a 
LCB between the waste and the natural system, and a subsurface LD. 

The other major subsurface modification at the landfill was the installation of the north 
and south slurry walls in 1982. These soil-bentonite slurry walls were constructed to a 
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prevent migration of groundwater into the expanded landfill area as the landfill expanded 
eastward. 

e 

a 

3.0 AVAILABLE SITE DATA/DATA INTERPRETATION 

This section provides a brief description of the available data on the Present Landfill area. 
An interpretation of the data, as it related to constructing the site conceptual model and 
numeric flow model, is included. 

Climate, topography, geology, hydrogeology, vegetation, and hydrology are described in 
Sections 3.1 through 3.5. 

3.1 Climate 
The WETS climate is temperate and semiarid, characteristic of Colorado's Front Range. 
The dry atmosphere of the Site at 1,830 meters (m) elevation above mean sea level 
(MSL) often causes wide temperature fluctuations between daytime and nighttime. 
Summer high temperatures are typically in the upper-20 degrees Centigrade ("C), with 
nighttime lows falling to approximately 16°C (EG&G 1993). During the winter, 
temperatures typically range from 4°C to 7°C during the day and -9°C to -4°C at night. 
Arctic and Siberian air masses occasionally bring frigid air during the winter when low 
temperatures may drop to between -2 1 "C and -24°C (EG&G 1993). 

The average annual precipitation, based on 30 years of record, is approximately 368 
millimeters (mm) (DOE 1995). Data obtained from the Site meteorological station for 
the SWWB showed an annual precipitation range of 262 to 549 mm. Roughly half of the 
precipitation occurs as rain and half as snow, with precipitation falling primarily as snow 
from late October through early April, and as rain during the remaining months (RMRS 
1997). Annual snowfall averages approximately 1,778 mm, with the highest monthly 
snowfall average (approximately 406 mm) occurring in March (EG&G 1993). Rainfall is 
highest from April through June, with nearly 42 percent of the average annual 
precipitation occurring during those months (EG&G 1993). 

3.1.1 Evapotranspiration and Meteorological Data 

Precipitation, temperature, and wind speed from the Site meteorological station for the 
calendar years 1993 and 1994 were obtained from the Site records. These data were 
obtained because the landfill wells were removed in 1995. In order to calibrate the model 
to actual landfill groundwater level data, it was necessary to obtain climate data for the 
period for which groundwater records exist. These data were recorded at 15-minute 
intervals at a height of 10 m. The data were reviewed for gaps. Minor data gaps were 
filled by interpolating between adjacent recorded data. The major data gap was for 
temperature (approximately 80 percent of the 1993 record). This temperature gap for 
1993 was replaced with daily minimum and maximum temperatures from the Boulder, 
Colorado, National Climatic Data Center (NCDC) weather station. A daily temperature 
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cycle was synthesized from the minimum and maximum temperatures for the missing 15- 
minute data. 

Potential evapotranspiration (PET) was calculated using daily minimum and maximum 
temperature, average wind speed, and precipitation. The REF-ET Program (Allen 2000) 
was used to calculate the PET for a grass reference crop. The PET calculation used the 
Food and Agricultural Organization (FA056) version of the standard Penman-Monteith 
equation. This program uses different assumptions for calculating PET, depending on the 
limitation of the input. For the 1993 and 1994 climate data, the output was a daily PET 
amount that was distributed at two-hour intervals for model input. The PET calculated 
for the SWWB (K-H 2002a) was used for the 1995 modeling period. The PET for the 
Water Year (WY) 2000 was recalculated using the SWWB meteorological data using the 
same methodology as used for the 1993 and 1994 data. 

3.1.2 Temperature Data 

Temperature data were used to calculate snowmelt. The numerical model uses a simple 
degree-day method to determine the rate of snowmelt. Fifteen-minute data were 
available for the 1994 period and from the S WWB for the 1995, WY2000, and WY200 1 
periods. For the part of the 1993 period with only minimum and maximum temperatures, 
a daily temperature cycle was constructed for the missing 15-minutes of data. 

3.2 Topography 
Landfilling operations changed the topography of the Present Landfill area continuously 
until operations ceased in 1998. The 1994 topography from the Site Geographic 
Information System (GIS) was used for the initial modeling period. This fixed 
topography reflected the topography during the modeling period. It was assumed the 
topography changes through the modeling period were relatively minor compared to the 
scale of the landfill model. A revised topography from 1999 (Earth Tech 2002) was used 
to simulate the present conditions. The changing topography during the initial model 
simulation period was accounted for when necessary in evaluating the groundwater 
depths. 

3.3 Geology and Hydrogeology 
WETS is situated approximately 2 miles east of the Front Range of Colorado, on the 
western margin of the Colorado Piedmont section of the Great Plains Physiographic 
Province (Spencer 1961). The surface cover is composed of a series of coalescing 
alluvial fans developed during the Pleistocene. The Present Landfill is located near the 
eastern extent of the alluvial-fan deposits. Dissection of the gravel-capped pediment has 
occurred by headward erosion and planation along eastward-flowing streams and their 
tributaries. The Present Landfill is located in No Name Gulch at the western limit of 
headward erosion and pediment dissection. Waste material has been placed on top of the 
modified gulch surface and fills the gulch to the top of the pediment at approximately 
6,000 feet. Some waste material is mounded above the top of the pediment, especially 
near the center of the landfill. 
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Geologic units at WETS can be grouped into two general categories: unconsolidated 
surficial deposits and underlying consolidated bedrock (RMRS 1999). Brief descriptions 
of major geologic units and hydrogeology at the Present Landfill are provided below. 
Additional detail is provided in the Technical Memorandum - Final Work Plan Operable 
Unit 7 (DOE 1994), Hydrogeologic Characterization Report for the Rocky Flats 
Environmental Technology Site (EG&G 1995a), and Appendix A of the Geologic 
Characterization Report for the Rocky Flats Environmental Technology Site (EG&G 
1995b). 

A range of saturated hydraulic conductivity values have been determined for materials at 
the Present Landfill and elsewhere at WETS. The saturated hydraulic conductivity 
values from the OW7 Phase I investigation (DOE 1994) and the SWWB (K-H 2002a) 
are summarized in Table 3-1. 

Table 3-1. Saturated Hydraulic Conductivity Values 

(ATTACHED) 

3.3.1 Unconsolidated Surficial Deposits 

At the Present Landfill, surficial deposits include Rocky Flats alluvium, Quaternary 
colluvium, artificial fill, and valley-fill alluvium (Figure 3-1). The Rocky Flats alluvium 
caps the divides north and south of No Name Gulch. The Rocky Flats Alluvium is 5 to 
10 m thick on the northwestern, western, and southwestern sides of the landfill and 3 to 5 
m thick on the divides north and south of the East Landfill Pond. Colluvium covers the 
valley slopes between the piedmont on which the Rocky Flats Alluvium is deposited and 
the No Name Gulch drainage or the East Landfill Pond. The colluvium is 0.3 to 1.5 m 
thick on the slopes around the East Landfill Pond and below the dam. Valley-fill 
alluvium deposits in the No Name Gulch drainage downstream of the East Landfill Pond 
are 1 to 3 m thick in the landfill area and become thicker downstream to the east (Figure 
3 -2). 

The unconsolidated surficial deposits are the most permeable natural materials at the 
Present Landfill area. The geometric mean hydraulic conductivities include 2 . 5 ~ 1  Oe3 ’ 

centimeters per second (cdsec) for valley-fill alluvium, 1 . 6 ~  1 O4 c d s e c  for the Rocky 
Flats Alluvium, and 9 ~ 1 0 - ~  cdsec  for the colluvium (Table 3-1). 
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Figure 3-1. Surficial Geology Distribution 

(ATTACHED) 
e 

Figure 3-2. Unconsolidated Material Thickness with Model Grid 

(ATTACHED) 

3.3.2 Consolidated Bedrock Deposits 

Bedrock from the Arapahoe, Laramie, Fox Hills, and uppermost Cretaceous Pierre 
Formations are present at WETS (EG&G 1995b). At the Present Landfill, bedrock 
unconformably underlies the surficial deposits. Only the weathered portions of the 
Arapahoe Formation transmit significant groundwater flows (K-H 2002a). However, 
both the weathered and unweathered bedrock are included in the Present Landfill model. 

The weathered and unweathered bedrock surfaces were interpreted for this model using 
logged geologic contacts from numerous sources, including: 

0 The Site-wide 14-well master list; 

The 1 974 Landfill Renovation Report (Zeff, Cogorno, and Sealy 1974); 

The 1977 Landfill Expansion Report (Lord 1977); 
a 

The 1982 slurry wall installation drawings (included in DOE 1994); and 

The Conepenetrometer testing (CPT) data from the Phase I Remedial Investigation 
(RT) (DOE 1994). 

This data compilation and interpreted surfaces are more complete than any previously 
reported for the Present Landfill area. Depths to the weathered bedrock were reviewed 
and corrected for ground surface changes in the landfill area. A depth to the top of the 
weathered bedrock surface was then constructed using Arcview Spatial Analyst. The 
weathered bedrock surface elevation was determined by subtracting the depth to 
weathered bedrock from the ground surface elevation. The interpreted weathered 
bedrock surface and control points are shown on Figure 3-3. 

A similar procedure was used to create an unweathered bedrock surface. The interpreted 
unweathered bedrock surface and control points are shown on Figure 3-4. 

a 
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Figure 3-3. Surface of Weathered Bedrock on Model Grid 

(ATTACHED) 
e 

Figure 3-4. Surface of Unweathered Bedrock on Model Grid 

(ATTACHED) 

The Arapahoe Formation is generally less than 8 m (25 feet) thick at the Site, occurring 
as claystone and silty claystone with lenticular sandstone in the basal portion of the 
formation (EG&G1995b . Mean weathered bedrock conductivities were 2 . 8 ~ 1 0 - ~  cdsec  
for siltstone and 8.8~10- cdsec  for claystones for the SWWB. The OU#7 Phase I 
investigation reported a geometric mean for undifferentiated weathered bedrock of 
4 . 4 ~ 1 0 - ~  cdsec  (Table 3-1). 

? 

Below the Arapahoe Formation, the unweathered Laramie Formation is approximately 
180 to 250 m (600 to 800 feet) thick. It is composed of an upper, thick claystone interval 
and a lower sandstone/claystone/coal interval. The claystones with low hydraulic 
conductivities inhibit downward groundwater flow. Shallow groundwater is instead 
directed laterally along the surface of the unweathered bedrock surface. Beneath the 
unweathered Laramie Formation is the regional Laramie-Fox Hills aquifer. A U.S. 
Geological Survey study and a separate, peer-reviewed Site investigation both indicate 
this aquifer will not be impacted by WETS activities because of the low permeability of 
the overlying Laramie Formation (FUvllZS 1996). The Laramie-Fox Hills aquifer is 
approximately 200 to 300 m (650 to 1,000 feet) below the Site. Below the Laramie-Fox 
Hills aquifer is the 2,300 m (7,500-foot) thick Pierre Formation that acts as the aquifer’s 
lower confining layer. The thick marine shale of the Pierre Formation subcrops only in 
the extreme western part of tlie Site (RMRS 1999). 

0 

Subcropping, fine-grained Arapahoe sandstones were only identified at one well 
downgradient of the East Landfill Pond (DOE 1994). Due to the limited extent, 
continuity, and definition of the Arapahoe sandstones in the Present Landfill area, the 
Arapahoe sandstone was not explicitly included in the modeling. 

3.3.3 Waste and Artificial Fill 

The central feature of the Present Landfill is the artificial fill, mainly landfilled waste 
material present in the approximately 20 acres of the Present Landfill area. 

Landfill operations began in 1968 with the western end of the drainage channel being 
filled with onsite soil from a borrow area, to a depth of 5 feet and approximately 20 feet 
in length across the channel (Rockwell 1988). Waste material delivered to the site was 
spread across the current work area, compacted, and covered with soil. At the time of the 
Phase I investigation (DOE 1994), soil cover material stockpiled and used at the landfill 
was Rocky Flats Alluvium. The total volume of landfilled material was estimated at 
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approximately 4 15,000 cubic yards, with approximately 30 percent of that volume being 
the daily soil cover (DOE 1994). 0 
A map showing the interpreted base of the landfill was generated (DOE 1994) using 
borings and CPT data from the Phase I investigation (Figure 3-5). This map was scanned 
and digitized and then combined with the elevations of the base of the landfill trench to 
establish a model base of the landfill. The thickness of the waste and interim cover 
material ranges from approximately 1 to 15 m, with the fill thickest near the centerline of 
the valley and thinnest around the perimeter of the landfill. The interpreted waste 
thickness is shown on Figure 3-6. 

Other artificial fill material in the Present Landfill area are materials used to construct the 
GWIS, LCB, LD, and Landfill Pond Dam. The GWIS, LCB, and LD were all covered 
during landfill operations. Asbestos was disposed of in pits east of the main landfill. 
This area is included in the total landfill area. Additional artificial fill in the study area 
includes the shooting range and excavated materials fiom McKay Ditch. 

Reported geometric mean hydraulic conductivities from the OU#7 Phase I investigation 
for the waste material and underlying unconsolidated material were 3 . 7 ~ 1  Oe5 cdsec.  
Literature values for municipal solid waste range from 1 .5x104 to 2 .0~10’~  cdsec  (Table 
3-1) (Qian et al. 2002). 

Figure 3-5. Base of Landfill (from DOE 1994) 

(ATTACHED) 

Figure 3-6. Interpreted Waste Thickness 

(ATTACHED) 

3.3.4 Structure 

A possible fault was inferred in the Present Landfill area during the Site-wide Geoscience 
Characterization Study (EG&G 1995a). The inferred fault trends northeast-southwest 
and lies east of the landfill face near the edge of the East Landfill Pond. The fault plane 
dips to the west. The surficial deposits were not offset, suggesting that movement had 
not occurred since their deposition (EG&G 1995a). This structure is not likely significant 
to groundwater flow near the Present Landfill based on groundwater levels and the lack 
of offsetting in the more permeable surficial deposits. 

3.4 Vegetation 
The Site’s topography and close proximity to the mountains support a unique, diverse 
array of prairie and foothills plant communities that have been extensively characterized 
in multiple studies (K-H 1997a; 1997b; 1997c) and mapped in detail. Vegetation is an 0 
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important component of the Present Landfill study because of the impact that ET has on 
net infiltration reaching the water table and hence the water balance. Specific plant 
communities present in or near the Present Landfill include mesic and xeric mixed 
grassland, disturbed areas (developed or barren land), short marsh, wet meadow, and 
wetlands. The most significant plant communities in the study area include: 

0 The xeric tallgrass prairie; 

0 ‘She mesic mixed grasslands east of the landfill pond dam, upon which the reseeding 
of the landfill is based; 

Annual gradforb community around the landfill; 

Disturbed areas or barren land due to the continuous earthmoving at the landfill. 
Plants have little opportunity to germinate, grow or establish in these areas; 

The Great Plains riparian community, mapped as riparian (stream channel) woodland 
and shrubland, found along streams. Cottonwood trees and willows predominate in 
this plant community; and 

Wetlands present around the East Landfill Pond, No Name Gulch, and McKay 
Bypass Canal. This is a combination of areas described as wet meadow, short marsh, 
and tall marsh. 

0 

The distribution of the various vegetation types used for the calibration model is shown 
on Figure 3-7. Following placement of the landfill in interim closure status in 1998, the 
landfill area was reseeded. The selected seeding mix is most similar to the natural mesic 
mixed grassland, with very good health and vigor (K-H 2002b). 

, a 

Figure 3-7. Vegetation Distribution 

(ATTACHED) 

3.5 Hydrology 
Subsurface and surface water hydrology are described in this section. 

3.5.1 Subsurface Hydrology 

The saturated flow system is understood using groundwater well information. There are 
two principal ways in which the data can be evaluated to assess the groundwater flow 
response. The first is by interpolating groundwater well data to establish groundwater 
flow directions. The second is by evaluating the temporal response of the groundwater 
well data. Groundwater well locations used in this study to evaluate the flow conditions 
are included on Figure 3-8. Different colored symbols depict the screened formation. For 
example, “alluvium” means the well is screened entirely within the alluvium, “bedrock” 
means entirely in the bedrock, and “alluviumhedrock” indicates the well is screened 
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cross-formation. Yellow triangles in some of the wells indicate these are wells in which 
data are available from 1993 through mid- 1995 (calibration period). All wells within the 
waste were abandoned shortly after 1995. As a result, the 1993 to mid-1995 time period 
is particularly usehl in terms of evaluating waste-specific groundwater flow 
characteristics. 

0 

Figure 3-8. Groundwater Well Locations 

(ATTACHED) 

Potentiometric Groundwater Surface 

Developing a potentiometric surface within the landfill area requires that an adequate 
spatial distribution of well data points is available. Temporal analysis indicates that 
water levels vary significantly over the year, but measurements are not synchronized in 
time. As a result, accurate definition of potentiometric surfaces at a given point in time 
are not possible with the available data. Average annual water levels were calculated at 
each well point and used to interpolate an approximate potentiometric surface. Results 
are used for initializing the flow model and generally show that the water levels closely 
mimic regional surface topography and the weathered bedrock surface. 

‘ 

Temporal Groundwater Response 

The temporal response of groundwater depths with time were evaluated. Seven well sets, 
each consisting of at least four wells are identified on Figure 3-9. The well sets were 
installed to monitor effects of the north and south slurry walls (two well sets), while the 
five sets to the west monitored effects of the trench system and are located across this 
feature. 

e 

Figure 3-9. Trench System Groundwater Well Locations 

(ATTACHED) 

The temporal response of water depths in groundwater wells installed with waste is 
summarized on Figure 3-10. Two key observations can be made from these data. First, 
groundwater depths are generally greater than external, “natural” system wells. The 
second is that the well response generally shows much less variability than external wells. 
This reflects a “dissipated” recharge response (April period), characteristic in deeper 
groundwater wells (i.e., due to deeper unsaturated zone). It also suggests that the 
rechargeET response characteristic of external “natural-system7’ wells may be damped 
due to the waste area landfilling techniques (i.e., alternating lifts of waste and then fill 
material). Some wells, such as B 106089, exhibit notable sampling “lag” effects, while 
other wells, such as 72093 and 72393, show several discontinuities where depths increase 
notably over a short time period. This is due to topography changing over time and well 
casing adjustments (additions). Finally, well 6487 is likely almost entirely isolated from 
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surface response as its water level continuously and smoothly declines with time. All 
waste wells, except 6487, appear to exhibit some recharge response to the large spring 
precipitation events in 1995,.indicating they are not entirely isolated from surface 
recharge. , 

Figure 3-10. Waste Groundwater Well Response 

4 

(ATTACHED) 

Groundwater well response near the north (wells 393,6787, and 6887) and south (wells 
B206389,493,7287, and B206489) slurry walls is summarized on Figure 3-1 1 .  Both sets 
of wells exhibit notable seasonal variability, with depths ranging fiom 2 to 5 feet. Again, 
water levels rise shortly after spring precipitation events, generally around April. The 
recharge response is likely due to low PET rates and a series of precipitation events. This 
may be enhanced by snowfall with high water contents. The high seasonality evident in 
groundwater levels masks any lateral flow adjustments caused by the slurry walls, 
although interior wells (waste-side) exhibit slightly lower depths than exterior wells, 
which is an expected response to the slurry walls. 

Figure 3-1 1. Slurry Wall Groundwater Well Response 

(ATTACHED) 

Groundwater well responses along the northeastern and northwestern GWIS are 
illustrated on Figure 3-12. As with other nonwaste wells, groundwater level variability 
exhibits notable annual recharge response. In both well sets, the waste wells (6387,6287, 
71493, and 71 193) exhibit annual recharge variability, although it is not as pronounced as 
neighboring external wells. These data do not suggest that there is any hydraulic 
connection between external wells and waste wells, only that their response is sensitive to 
direct recharge. This is further supported by rapid recharge responses, rather than lagged 
response, which suggests the influence of lateral inflows. 

Figure 342. GWIS Groundwater Well Response (North) 

(ATTACHED) 

Well responses located at the western end of the trench are summarized on Figure 3-13. 
Bedrock wells in this area (70593 and 986) show clear signs of sampling-recovery effects 
(i.e., groundwater depths increase sharply but slowly decrease to ground surface). Waste 
well B106089 shows relatively deep levels with only limited annual recharge response to 
the 1995 event. All other external alluvial well depths are shallower and show consistent 
annual groundwater recharge responses, similar to other external well set responses. 
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Figure 3-13. GWIS Groundwater Well Response (West) 

(ATTACHED) 
a 

Southwestern well set water depth responses are summarized on Figure 3-14. The 
external bedrock well 70893 exhibits typical sampling-recovery effects due to the low 
hydraulic conductivity of the weathered bedrock at this location. Waste well 7 1693’s 
annual recharge response is similar in magnitude to that of external alluvial wells 71 893 
and 70693, but exhibited a slight lag to maximum water level in 1994 probably due to the 
greater groundwater depth of 71 693. The lower plot shows groundwater elevations, 
which suggest an inward flow directed toward the landfill. 

Figure 3-14. G WIS Groundwater Well Response (Southwest) 

(ATTACHED) 

Groundwater depths for the southeastern GWIS well set are summarized on Figure 3-15. 
The shallower waste well in this set, 6487, exhibits a lack of sensitivity to recharge and is 
slowly draining over a three-year period. Adjacent bedrock well B206189 appears to 
register a similar recharge response as the alluvial wells; however, its depth is greater 
(approximately 20 feet) and its variability is greater. Over one year, it is not possible to 
assess whether this is accurate, although external bedrock well B206289 shows a similar 
depth and response magnitude. The waste wells appear to be isolated from the consistent 
annual recharge response exhibited in external wells 6687,597, and 6587. It is 
interesting to note that none of the wells closest to the trench centerline exhibit any 
damping effects caused by possible drain effects in this area. 

Figure 3-f5. G WIS Groundwater Well Response (Southeast) 

e 

(ATTACHED) 

Landfill Trench System 

The Landfill Trench System was placed around the northern, western, and southern sides 
of the Present Landfill in 1974. It was a horseshoe-shaped trench, 24-feet wide at the 
base with 2: 1 side walls, and varied from 10 to 25 feet in depth. The GWIS, LCB, and 
LD were placed in the trench. The remaining space in the trench was filled during 
landfill operations. A side view of the landfill trench and the spatial relationship of the 
varying components is shown on Figure 2-3. . 

The Landfill Trench System and its components provide a hydraulic barrier to 
groundwater flow in to and out of the landfill. The GWIS and LD will tend to depress 
groundwater levels due to the higher hydraulic conductivity of the features if they are 
functioning properly. 0 
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a 

e 

a 

lld 

As-built drawings show the highest trench invert elevation near well 5987 at the western 
end of the trench. The trench inverts slope to the east with a 1 percent grade. A portion 
of the southern side of the trench has a 2 percent slope. The eastern portions of the 
trench, where the trench discharged to the former West Landfill Pond had steeper slopes 
of up to 10 percent grade. 

Landfill Drain 

The LD consists of a 5-foot-thick layer of gravel backfill placed in the bottom of the 
Landfill Trench System. The LD is approximately 12 feet wide at the base of the trench 
system and was open at the eastern ends of the trench to discharge to the West Landfill 
Pond. The LD tends to depress groundwater levels and route flow along its path by 
providing a preferential flow path. 

Clay barrier 

The LCB is a vertically sloping (2: 1) barrier of lower-permeability material placed on the 
outer side of the Landfill Trench System. It was designed to reduce flow between the 
Present Landfill and surrounding materials. The as-built drawing of the typical landfill 
trench section and the interpretation of the landfill trench shown in the 1988 closure 
document (Rockwell 1988) indicate the barrier was built of clayey silt or sandy clay and 
had an approximate horizontal width of 10 feet. The LCB channel flow to the GWIS and 
LD. It provides a physical barrier to horizontal flow even if the GWIS or LD is not 
functioning. 

GWIS Drain (Perforated and Nonperforated) , .  

The GWIS consists of a 1 -foot-wide, vertically sloping sand and gravel filter blanket on 
the outer side of the Landfill Trench System. This higher-permeability filter blanket 
provides a preferential flow path along the LCB, toward the perforated GWIS drain pipe. 
Around the majority of the Present Landfill, a perforated drain pipe was placed at the 
base of the filter blanket. The perforated pipes then attached to nonperforated pipes that 
may discharge the collected groundwater to the West Landfill Pond, East Landfill Pond, 
or No Name Gulch east of the landfill pond dam. The GWIS appears to be intersected by 
both the north and south slurry walls. At the intersection the existing drain pipe was 
replaced by a ductile iron pipe that was encased in concrete. The only hydraulic 
connection of the GWIS across the landfill slurry walls is through this ductile iron pipe 
connection. 

The GWIS discharge points to No Name Gulch east of the landfill pond dam are surface 
water sampling stations SW099 and SW100. During the Phase I field investigation, 
intercepted groundwater was presumably discharged into the East Landfill Pond rather 
than No Name Gulch (DOE 1994). A review of the Soil Water Database (SWD) data 
available on these discharge points showed only two blank entries for flow rate from 
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S WO99 and no flow rate entries for S W 100. The discharge points into the East Landfill 
Pond are not visible from the surface (DOE 1996). 

Flow rates for the GWIS are not currently quantified. Any current discharge goes to the 
East Landfill Pond either by direct discharge or by flow from the landfill mass if the 
GWIS discharges to the former West Landfill Pond. 

Waste Characteristics 

The.distribution of landfill waste material is described in Section 3.3.3. The landfill 
waste material includes a mixture of clay, sand, and gravel containing asphalt, concrete, 
insulated wire, wood, paper, plastic, rubber, metal, construction ribbons, surgical gloves, 
saranex suits, and other materials associated with landfilling activities (DOE 1994). 
Additionally, there are two pits approximately 10 feet deep on the eastern portion of the 
landfill that contain asbestos-containing material which was placed in heavy plastic bags 
and covered with soil when the pit became full. 

Geologic units beneath the landfill waste consist of a thin covering of colluvium on the 
hillsides and valley-fill alluvium in the No Name Gulch drainage (DOE 1996). The 
underlying material has also been described as clay, sand, and gravel fill material beneath 
the waste (DOE 1994). 

Landfill Seeps 

There is a seep at the base of the eastern face of the landfill (SW097) that discharges into 
a treatment system. Flow from the seep has been estimated varying ways, with the best 
data available since the installation of the passive aeration treatment system. Reported 
flow rates in the seep vary. The range of reported values was 0 to 6.7 gallons per minute 
(gpm). Values of 24.7 and 26.9 gpm are believed to be erroneous. The average historical 
flow rate for measurements fi-om 1988 to 1990, after discarding two measurements 
believed to be erroneous, was 2.5 gpm (DOE 1994). The reported seep flow rate during 
the Phase I investigation was 0.01 to 0.02 cubic feet per second (cfs) (4.5 to 9.0 gpm) 
(DOE 1994). Based on seep flow measurements taken between 1998 and 2001 , the four- 
year average flow was 2.6 gpm, the average flow during the wettest year (1998) was 3.2, 
gpm and the average flow rate during the wettest month of the peiiod (June 1999) was 
3 -7 gpm. Although 1995 was the wettest year in recent history, there are no flow records 
available for this year (Earth Tech, 2002). 

e 

An intermittent seep has been observed north of SW097 on the hillside just below the 
north asbestos-disposal area. This intermittent seep is most likely caused by saturated 
materials related to storm events. Heavy surface water runoff has been observed in this 
area following storm events. Recent slumps have also been observed in this area (DOE 
1996a). 
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Former West Landfill Pond 

The LD discharged to the West Landfill Pond. This was a temporary impoundment, 
approximately 0.5 acre in size. This area was covered by landfill expansion in May 1981. 
According to the 1988 Landfill Closure Plan (Rockwell 1988), the west embankment and 
pond were removed during landfill expansion. The former pond area received the LD 
discharge, and the topography concentrated flow in this area. 

East Landfill Pond Dam 

An engineered dam structure with a spillway is present in No Name Gulch east of the 
landfill. This structure was constructed in 1974, with a low-permeability clay core keyed 
into bedrock. The dam design drawings and geologic interpretation (DOE 1994) indicate 
that the dam core was keyed in the upper portion of the weathered bedrock at the dam 
location. It does not appear from these sources that the dam core was keyed all the way 
through the weathered bedrock. 

NortWSouth Slurry Walls 

Two soil-bentonite slurry walls were constructed in 1982 to prevent groundwater 
migration into the expanded landfill area. These slurry walls are located to the north and 
south of the eastern portion of the Present Landfill. The slurry walls are believed to be 
tied into the LCB. The GWIS pipe crosses the slurry walls in a section of ductile iron 
pipe. The slurry walls are believed to enter the weathered bedrock. 

3.5.2 Surface Hydrology 

This section describes the surface hydrology features near the Present Landfill, namely 
the East Landfill Pond, McKay Ditch, and surface routing. 

East Landfill Pond 

The East Landfill Pond was formed by the landfill pond dam. The pond has a spillway 
elevation of 5,921 feet above MSL and a 100 percent capacity of 7.5 million gallons. 
The landfill pond level is controlled to maintain the pond volume at approximately 75 
percent capacity (5.5 million gallons). Historically, the water volume was controlled by 
spray evaporation, which ceased in 1994. Since spray evaporation ended, pond volumes 
are controlled by pumping the pond water to the A-Series ponds onsite. Pumping 
transfers have typically occurred up to three times per year and involved up to 7.5 million 
gallons per year. The pond receives overland runoff from parts of the landfill and the 
surrounding terrain. 

Reported pond levels for the period 1992 to 2001 are shown on Figure 3-16. The pond 
levels show rapid response to precipitation events or discharge events in the range of 1 to 
2 m. During other periods, the pond levels gradually rise. The pond receives flow from 
the SW097 seep, surface water runoff, and potentially groundwater inflow. The pond 
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loses water from evaporation, ET of surrounding vegetation, pumping discharges, and 
leakage to the groundwater system. 

Figure 3-16. Present Landfill Pond Levels 

(ATTACHED) 

McKay Ditch 

The McKay Ditch is located northwest of the Present Laridfill. It flows intermittently and 
does not appear to affect groundwater at the Present Landfill. 

Surface Routing 
A surface water diversion ditch was constructed around the perimeter of the landfill in 
1974 to divert surface water runoff around the landfill. The diversion ditch is 2 to 3 feet 
deep and 5 feet wide at the bottom. The ditch is trapezoidal in shape and the slopes and 
floor of the ditch are composed of sparsely vegetated native soil material (DOE 1996). 
The diversion ditch discharge ultimately goes into No Name Gulch below the Present 
Landfill dam. This ditch does not flow consistently and no flow data were found. 
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4.0 CONCEPTUAL MODEL FOR THE INTEGRATED FLOW SYSTEM 

The model boundary and key features of an integrated conceptual flow model of the 
Present Landfill’flow system are described in this section. Important features and flow 
processes within the study area are discussed. It is important to recognize that limitations 
in the current understanding of how the system operates require that basic assumptions be 
made. This effectively translates into uncertainty in the conceptual flow model. For 
example, the GWIS drain does not discharge, or discharge to locations, as designed. As 
such, certain assumptions are necessary to define a conceptual flow model. This model 
represents only one possible conceptualization of flow within the system and others may 
be more realistic. Nevertheless, conceptual flow models are typically evaluated during 
model calibration, and this information is then used to iteratively revise the 
conceptualization. 

Basic features of the integrated conceptual model developed for the Present Landfill 
system are included on Figure 4- 1. Different model structures are identified to define the 
underlying surface and subsurface hydrogeologic framework and hydraulic properties 
that control flow in the Present Landfill system. For example, the surface topography is 
the main structure controlling overland flow; channel profiles and streambed topography 
define the stream flow network; and hydrostratigraphy defines the subsurface flow 
structure. 

e Figure 4-1. Conceptual Flow Model Components 

Conceptual Flow 

Model Structure 
Responses 

The model structure is acted upon by different external hydrologic stresses that in turn 
produce different hydrologic responses. The term hydrologic stress is used instead of 
more traditional terminology such as “boundary conditions” to emphasize that important 
internal processes are not simplified in a fully integrated model. Hydrologic stresses in 
the Present Landfill model include: (1) precipitation (rain or snowfall); (2) potential ET; 
and (3) temperature. These stresses vary temporally over the model area, but are 
assumed to be spatially uniform given the relatively small model area. 

The combined effect of external stresses acting on the model structures produce several 
hydrologic. responses. Responses occur as changes in flows, or system pressures within 
the surface or subsurface flow systems. For example, as precipitation reaches the ground 
surface, it begins to infiltrate. If the precipitation intensity is high enough, or soil is 
saturated from below, water ponds at the ground surface. Under these conditions, 
overland flow occurs. It can concentrate and become channelized. 
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Within the unsaturated zone, moisture contents adjust to surface infiltration events due to 
precipitation events. The unsaturated zone also responds to daily and seasonal changes in 
soil evaporation and plant transpiration. Eventually infiltrating moisture reaches the 
groundwater table as groundwater recharge. The groundwater table increases during 
these recharge events, but then decreases in response to direct loss through ET, or 
saturated zone flow adjustments within the system. When the groundwater levels change, 
groundwater flow directions and velocities can also change. As groundwater reaches the 
ground surface at locations other than streams, seeps are produced, which, in turn, can 
cause overland flow (return flow). 

The model boundary for the conceptual and numerical model is described first in Section 
4.1. The general hydrologic behavior of the flow system, described in Section 4.2, is 
used to describe key aspects of the conceptual model developed for the Present Landfill 
system. The dominant hydrologic processes and their interaction with each other are 
described, and important Site features or conditions controlling these processes are 
identified. To support this conceptualization of system behavior, a substantial amount of 
data were reviewed and interpreted. These data and interpretations were described in 
Section 3.0. 

e 

4.1 Model Boundary 
The Present Landfill hydrologic model boundary was defined based on an initial 
evaluation of hydrologic conditions at the landfill. Simple model boundaries were 
defined within the study area so that realistic boundary conditions could be specified in 
the integrated hydrologic flow model. Horizontal and vertical flow conditions were used 
to define the subsurface boundaries. Only horizontal conditions were specified for the 
surface system. The horizontal extent of the model boundary encompasses an area of 
approximately 2 10 acres. 

, 

Vertical (upper and lower) boundaries for the integrated Present Landfill model are the 
topographic surface and the bottom of the unweathered bedrock formation with a fixed 
thickness of 600 feet in the model, respectively. The bottom boundary was chosen to 
enable simulation of flow in the upper portion of the unweathered bedrock near features 
such as the East Landfill Pond dam. The unconsolidated material and weathered 
bedrock are consistent with the upper hydrostratigraphic unit (UHSU) definition 
described in the Hydrogeologic Characterization Report (EG&G 1995a). The 
unweathered bedrock was included to allow for examination of potential flow near the 
landfill dam. 

The western, northern, and southern model boundaries represent no-flow conditions for 
overland flow. Although overland flow can cross the eastern model boundary, it is 
considered negligible and effectively this is a no-flow boundary. 

4.2 Conceptual Flow Model 
A conceptual flow model for the Present Landfill includes components of surface water 
and groundwater hydrology and the interactions between surface water and groundwater. (I, 
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Flow within the conceptual model is depicted graphically on Figure 4-2. Key features 
affecting flows in the system, as well as flow directions (sized according to relative flow 
magnitude) are included in the figure. Only flows within the landfill system (Le., trench 
system, waste area, seep, landfill pond, and dam) are discussed here. The external flow 
system is not described. 

Precipitation in the form of rain or' snow intercepts ground surface and begins to 
infiltrate. I f  the storm intensity and duration are sufficient, ponding may occur, although 
pnder typical conditions, this generally does not occur (not even once per year). Ponding 
then leads to surface runoff, which is diverted around the landfill and eventually 
discharged to No Name Gulch below the East Landfill Pond dam. 

Shallow surface infiltration rates of precipitation to the unsaturated zone are relatively 
high, given the high effective saturated hydraulic conductivities of surface soil. Although 
only a portion of the total infiltrated water actually recharges the saturated zone (or 
groundwater table), recharge rates are relatively high. Generally rates are several inches 
per year as reported in the recent SWWB modeling (K-H 2002a). 

On Figure 4-2, groundwater flow directions are generally from west to east, but the 
Landfill Trench System that includes the GWIS, LD, and LCB locally redirects flows 
toward it. Groundwater flows vertically downward over the entire system, except as 
shown near the trench system and seep. Groundwater flows are greater in the 
unconsolidated material and waste than in the weathered bedrock due to higher average 
hydraulic conductivities. Flows in the unweathered bedrock are much lower than in the 
weathered bedrock due to even lower hydraulic conductivities. 

The Landfill Trench System is not shown fully extending to the top of the weathered 
bedrock. Despite this, groundwater levels are still controlled by the barrier system. The 
LCB prevents flow from the landfill from entering the external GWIS drain, or external 
water from entering the LD. Groundwater beneath the waste in unconsolidated material 
and weathered bedrock flows laterally toward the seep as shown. Near the seep, 
groundwater inflows (toward the seep) from the north and south hillslope areas are 
limited due to the two slurry walls that extend west-east and are cored into the weathered 
bedrock. The slurry walls, therefore, act to additionally focus upgradient saturated zone 
flows toward the seep area. Seep flow varies throughout the year and has been estimated 
at 1 to 7 gpm. 

Water .flows through the groundwater system and primarily discharges through seeps. 
There is one primary seep at the Present Landfill located at the base on the eastern face of 
the landfill. A second intermittent seep area exists north of SW097 on the hillside below 
the north asbestos disposal area. This seep only activates during significant precipitation 

, events, and its flow is not monitored. 

At the seep, groundwater discharges to the surface from both the unconsolidated material 
and underlying weathered bedrock. All saturated zone flow upgradient of the seep is 
conceptualized as discharging at the surface at, or immediately downgradient of, the seep. 
Seep discharge then flows into the landfill pond after being treated. From the pond, 

l 

i 

4-3 April 2003 



Integrated Hydrologic Model for  the Present Landjill 

groundwater flows beneath (within the weathered bedrock) and through the dam at a slow 
rate due to low associated permeabilities. Groundwater from the pond is largely 
constrained downstream of the dam to flow within the stream alluvium, or weathered 
bedrock. From here it mixes with lateral inflows from the northern and southern hillslope 
colluvium and landslide deposits and become subject to loss as ET. The SWWB 
modeling showed that most of this water is subject to loss locally via ET, while only a 
small portion is subject to discharge as surface water flow, which occurs infrequently 
(once every few years). 

a 

Figure 4-2. Present Landfill Conceptual Flow Model 

(ATTACHED) 
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Integrated Conceptual Flow 
Model 

5.0 GENERAL MODELING APPROACH 

Development of the integrated Present Landfill model follows the general approach of the 
SWWB (K-H 2002a). This approach considered the integrated hydrologic nature of the 
Present Landfill flow system, project objectives, and available code capabilities. The 
basic steps of this approach, outlined on Figure 5-1, generally follow the protocol 
suggested by Refsgaard (1 996) for integrated modeling, which are largely based on the 
standard groundwater modeling protocol presented by Anderson and Woessner (1 992). 
The term “model” used herein refers to an “integrated model” of the surface and 
subsurface saturated flow systems coupled through the unsaturated zone. 

0 

4 

Figure 5-1. Modeling Approach 

I I 

1 I 
Integrated Numerical Model 

Development 

-Model Performance 
(History Match) 

-Sensitivity Analysis 

Simulation of Hypothetical 
Scenarios 

Uncertainty Analysis r-- 
I I 

Revision -r 
The first two steps of the approach, data collection and synthesis and developing a 
conceptual flow model, were summarized in Sections 3.0 and 4.0, respectively. Based on 
this analysis, flow within the Present Landfill is integrated and complex and has some 
uncertainty in operation. As a result, the MIKE SHE code used in the SWWB modeling 

0 
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was considered applicable for the Present Landfill modeling. It was considered the best 
available code to simulate such integrated behavior and represents improved 
methodology over previous saturated-only flow modeling using MODFLOW. a 
In the integrated numerical model development step, three tasks are performed. The first 
involves improving model performance by adjusting key model parameters considered 
‘“calibration” parameters. The concept of improving model performance is equivalent to 
model calibration used in traditional single-process models. However, in integrated 
modeling, the calibration process involves many more parameters, but is much more 
constrained by internal process couplings. As such, emphasis is not placed on attaining a 
prespecified calibration target, but rather on achieving a reasonable “history match” 
between observed and simulated model-predicted system response. Consistent integrated 
system behavior is also emphasized in this approach. For example, unsaturated hydraulic 
conductivity cannot be incorrectly specified to obtain reasonable recharge estimates, 
because the surface ponding and overland flow will be impacted negatively. 

Two final tasks are performed as part of the integrated numerical model development: 
sensitivity analysis and model validation. The model validation is performed to assess 
how well the system performs under an entirely different climate sequence. The model 
sensitivity analysis is important in this study because it evaluates some of the uncertainty 
associated with the conceptual flow model (e.g., the GWIS drain is operational versus 
non-operational). It is also conducted to demonstrate that the “calibrated” model 
performs reasonably and identify key parameters that affect the system most. 

A hypothetical scenario in which specified landfill cover material was adjusted is 
simulated using the “calibrated” model. The change in hydrologic response is evaluated 
from a base case defined by a model structure current as of WY2000. Finally, an 
uncertainty analysis should be performed, as in the SWWB modeling, to qualify such 
results. However, this task was not considered in this study. 

. 

a 

As in the SWWB modeling (K-H 2002a), subscale flow models were developed in this 
study as proposed by Prucha (2002). Subscale single-column flow models in which 
unsaturated, saturated, and overland flow are simulated, along with ET and snowmelt, 
permit rapid solution at key wells with sufficient groundwater level response data (e.g., 
biweekly at many landfill area wells from 1993 to mid-1995). Other sub-regional 
models, such as a model of just the waste material and seep area, permit focused 
evaluation and parameterization of integrated model flow components in this area 
without the computational overhead and long simulation times. The MIKE SHE code 
described below provides a highly flexible and yet physically rigorous means of rapidly 
developing the subscale models, once the regional-scale model is developed @e., full 
landfill model). 

5.1 Code Selection and Specifications 
The hydrologic code, MIKE SHE (Storm and Refsgaard 1996; K-H 2002a) was used to 
simulate the integrated system behavior for the Present Landfill area. Key model 
features and processes that required use of such a code include the following: e 
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0 Overland flow from the landfill seep and from hillslopes to stream areas; 

0 Groundwater discharge from the groundwater interception drain; 

0 Flow effects caused by the GWIS clay barrier; 

Flow effects caused by the north and south slurry walls; 

e 

0 Flow effects caused by the landfill pond dam; 

Infiltration and drainage through the unsaturated zone within the waste and within the 
surrounding natural materials; 

0 Exchange between unsaturated and saturated zones (recharge); 

0 Transient changes in three-dimensional saturated zone flow, storage, and potential 
heads; and 

0 ET losses. 

MIKE SHE is an integrated, digtributed, physically based, finite difference model. The 
code comprises a number of flow modules, which may be combined to describe flow 
within the entire land-based part of the hydrologic cycle including developed urban areas. 

For the Present Landfill study, the computer modules listed in Table 5-1 have been 
applied. 
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MIKE SHE SZ 

Table 5-1. MIKE SHE Modules Applied for the Present Landfill Model 

Saturated zone M,KE SHE uz 
and water levels 

(groundwater) flows and oL 

Overland sheet SHE sz 
and UZ depression 

MIKE SHE OL and water depth, 

3-D 

I 

Boussinesqs equation 

unsaturated 
SHE "' I infiltration, and 

groundwater 
recharge 

I Soil and free water I 
I uzv 

surface 
evaporation, plant MIKE SHE ET I 

I transpiration I 

Saint-Venants equation 
2-D (diffusive wave 

approximation) 

Richards' equation / 
gravitational flow (no 
effects of capillary 

potential) 

- I Kristensen&Jensen / 
Penman-Monteith 

The model area was discretized into a number of computational cells for the numerical 
solution of the governing equations. The spatial scale of MIKE SHE may be chosen 
either to address regional basin issues or, for the Present Landfill model, to provide a 
detailed local hydrologic analysis. For a more elaborate description of MIKE SHE, see 
Appendix D of the SWWB (K-H 2002a). 

5.2 System Focus Areas 
To efficiently use and comm&cate the large quantity of information generated by the 
numerical model, focus areas were identified within the model boundary. The focus 
areas were chosen based on Present Landfill interests and concerns for closure. 

Five focus areas were identified for the study. These areas are presented on Figure 5-2 
and include: 

Entire landfill and surrounding area (Catchment Model); 

Landfill waste area; 

Landfill seep (SW097); 

Landfill pond; and 

Downstream of dam. 

~ 
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Figure 5-2. Model Focus Area 
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6.0 INTEGRATED NUMERIC FLOW MODEL a 
This section describes the structure and parameterization of the fully integrated numerical 
MIKE SHE model developed for the Present Landfill. The design of the integrated 
numerical MIKE SHE model is based primarily on the conceptual model described in 
Section 1 .O. It is also based on the code structure and data requirements of MIKE SHE. 

Integrated codes such as MIKE SHE are sophisticated and data-intensive. The integrated 
model developed here is the result of a comprehensive effort to include all important 
surface and subsurface features that affect the Present Landfill hydrology. Earlier 
modeling studies at the Present Landfill have simulated only individual components of 
the system hydrology (DOE 1994). As such, it is important to understand how the basic 
numerical model framework is structured, and how model input parameters are spatially 
and temporally distributed. 

6.1 Spatial and Temporal Discretization 
The spatial and temporal discretizations specified in the integrated flow model of the 
Present Landfill are presented in this section. For an integrated model, numerical grids 
must be specified for each process included in the model and careful consideration must 
be given to the combined effect of all process discretizations. Similarly, temporal time 
stepping must also be specified for each process and for the combined set of processes 
and model output. Discussions of the spatial and temporal discretizations are presented 
in Sections 6.1.1 and 6.1.2, respectively. 

6.1.1 Spatial Discretization 

The numerical grid defined for the integrated model of the Present Landfill considers 
important features of each hydrologic process. The model was designed to simulate 
localized flow conditions around the Present Landfill. Although a more accurate 
representation of the system could be obtained using a finer grid (larger number of 
calculation points), this becomes computationally inefficient. 

Based on considerations of computational time versus spatial resolution, a 15.2 by 15.2- 
m horizontal grid was chosen to meet the project objectives. This grid was used by the 
overland flow, unsaturated zone, and saturated zone portions of the model. Vertical 
discretization, varied depending on the geologic layers. 

The overland flow is a two-dimensional process. Channel flow was not included in this 
model because overland flow is reasonably well simulated at the grid discretization size 
chosen. The main surface hydrology features at the Present Landfill are the landfill seep 
and East Landfill Pond. The overland flow portion of MIKE SHE is able to simulate the 
flow of water from the seep to the pond. 

I 

~ 

The unsaturated zone flow is modeled as a one-dimensional process. The unsaturated 
zone columns have variable discretization, described in more detail in Section 6.2.5. 
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The saturated zone flow process is three-dimensional. The vertical layering of the 
saturated zone model is based on the geologic layering at the site. This was modified to 
account for certain features specific near the landfill, as described in Section 6.2.4. The 
model geologic layers were assigned a minimum thickness of 0.49 m for numerical 
stability. The model layers were created using a spreadsheet containing the geologic 
elevations and other features contained in each model grid cell. The geologic contacts in 
the spreadsheet were then manipulated to create the numerical model layers. 

a 

6.1.2 Temporal Discretization 

Time step specification is important in the MIKE SHE model because it affects the 
solution accuracy and strongly influences the computational efficiency of the model. If 

 time steps are too large, instabilities in the model solution occur and important dynamics 
may not be captured. If specified time steps are too low, simulations become 
computationally ineficient. 

In addition to defining spatial grids for the model, the numerical solution of the flow 
equations also requires appropriate time steps for each process. The numerical time 
stepping is largely dictated by the different temporal responses for each of the hydrologic 
processes. For example, the saturated zone responds much more slowly to external 
stresses, such as precipitation, than do surface flows. As a result, the saturated zone time 
step is specified larger than the other processes to improve the integrated model 
efficiency. Time stepping for the surface water flow is not only controlled by the 
MIKE1 1 portion of the MIKE SHE code, but also by the unsaturated zone (UZ), overland 
flow (OF), and saturated zone (SZ) time steps. 

. a 
All time steps are specified as multiples of each other to improve computational 
efficiency in the MIKE SHE code. The time stepping is also controlled by the amount of 
precipitation that occurs during a time step @e., intensity) and the frequency of model 
output. Time steps are adjusted in the code prior to reaching either of these points in 
time. 

In the Present Landfill model, the maximum time steps are specified as follows: 

0 .  OF and UZ flow = 0.5 hour 

SZ flow = 6 hour. 

6.2 Model Components 
Several model components required for developing the integrated hydrologic model of 
the Present. Landfill are discussed in this section. Conversion of the available vegetation 
distribution into model zonations is described first. 
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6.2.1 Vegetation 

Although 12 detailed vegetation categories were identified graphically in the Present 
Landfill area (Figure 3-7), only four broad vegetation zones were included in the model 
based on the S WWB (K-H 2002a). Additionally, “vegetation” zones were included for 
largely barren areas and open water. The 4 main zones were modified to the following 
10 zones: 

Wetland; 

Mesic; 

Xeric; 

Riparian woodland; 

Landfill (where a different type of vegetation was not present); 

Disturbed/developed; 

Mudflats; 

Open water; 

Riprap; and 

Not vegetated (paved). 

The spatial distribution of these ten zones in the calibration model is shown graphically 
on Figure 6-1. The landfill was regraded and reseeded in 1998‘after landfill operations 
ceased, with the seed mixture closely resembling the native mesic vegetation (K-H 
2002b). For the validation model simulation, vegetation in the landfill area was specified 
as mesic, where the leaf area index (LAI) was reduced to simulate the effects of the 
recent seeding. 

Figure 6-7. Model Vegetation Distribution 

(Attached) 

The ET component (DHI 2000; Kristensen and Jensen 1975) simulates the actual ET 
rates as a function of vegetation-specific parameters, empirical constants, and input PET 
rates. The vegetation is characterized by the time-varying LAI, the root mass distribution 
with depth (RDF), and a crop coeficient (JQ. 

The empirical parameters include an interception storage coefficient (Cint), a constant 
relating ET to LA1 (CI), a coefficient for soil evaporation (Cz), and a coefficient relating 
soil moisture content to ET (C3). 
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Vegetation ID 

Xeric grass 

Mesic grass 

Woody riparian 

Wetland 

Paved areadriprap 

Landfill 

Mudflatlopen water 

Disturbed/developed 

e 

Percen LA1 RDF K, CI C2 C3 Cint 
tage of 
Model 
Area 

(-1 (m) (-1 (-1 (-1 (-1 (mm1 

22.4 0- 1 1.0 0.2- 0.2 0.1 10 0.05 
0.5 

52.3 0- 1 1.0 0.3- 0.2 0.1 10 0.05 
0.5 

1.5 
0.7 0-5.0 2.0 0.25- 0.3 0.05 20 0.05 

3.8 0-3 0.5 0.25- 0.2 0.05 10 0.05 
0.8 

3.2 1.0 0.0 0.1 0.0 0.0 20 0.01 

9.1 0-0.5 1 0.4- 0.05 0.2 10 0.05 
0.6 

0.5 
1.1 0.1-3 0.5 0.25- 0.2 0.4 10 0.05 

7.4 0-0.5 1 0.4- 0.05 0.2 10 0.05 
0.6 

LAI, RDF, and & depend on the season and are specified for a number of stages. To 
model the annual variation in ET, low LAI, and K, values are used in the winter season 
(October through April), with a transition in the spring to maximum values during June 
through September. Transpiration varies with LAI, and in the winter water is lost only by 
soil evaporation. 

Table 6-1. Vegetation Types and Parameters for the MIKE SHE 

ET Component 

To simulate the ET rate and seasonal changes observed at the site, the LAI, RDF, and K, 
values were specified for each vegetation type from general data on vegetation 
characteristics at the site. K, values are important because they are used to directly scale 
the reference vegetation used in Penmann estimates of potential ET to any vegetation 
type within the model area. Limited field data are available from literature on the natural 
vegetation found at WETS. K, has been estimated through calibration. K, may 
influence the actual ET rate; however, the total ET losses are often limited by water 
availability (e.g., the soil moisture of the root zone that may be transpired by plants). 

The empirical parameters are partially based on method-specific values and single- 
column model runs. The single-column models tested the range of parameters and 
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empirical constants by looking at simulated infiltration rates, ET losses, and recharge to 
groundwater. 

6.2.2 Climate 

Model precipitation and ‘snowmelt are described in the following sections. 

Precipitation 

Precipitation drives most of the system response at the study area. As a result, it was 
important to consider its spatial and temporal distribution carefully. Fifteen-minute 
precipitation from the site meteorological station was used for 1993 and 1994. The 
interpreted 15-minute precipitation for the Present Landfill area from the SWWB model 
was used for the first half of 1995 and WY2000. The precipitation was assumed uniform 
over the Present Landfill model area. 

The years 1993 and 1994 had lower precipitation than average, on the order of 12 inches 
each year. The SWWB-interpreted precipitation had approximately 14 inches of 
precipitation for the Present Landfill area for spring 1995, one of the wettest on record. 
The SWWB-interpreted precipitation for the Present Landfill area was approximately 14 
inches for WY2000. 

The 15-minute precipitation input allows the model to simulate the system response to 
actual climatic stress. This allows the simulation of the hydrologic processes of overland 
runoff, flow through the unsaturated zone, ET of soil moisture, and dynamic recharge to 
the saturated zone. Consequently, the model simulates recharge to the saturated zone for 
larger precipitation events and when there is no soil moisture deficit. Smaller 
precipitation events and during times of a soil moisture deficit may not result in saturated 
zone recharge. 

Potential Evapotranspiration 

The calculation of PET used daily minimum and maximum temperature, average wind 
speed, and precipitation. The REF-ET Program (Allen 2000) was used to calculate the 
PET for a grass reference crop. The PET calculation used the FA056 version of the 
standard Penman-Monteith equation. The output was a daily PET amount that was 
distributed at two-hour intervals for model input. The total PET was evenly divided and 
applied for a 12-hour period from 7 A.M. to 7 P.M. PET was assumed negligible for the 
remainder of each day. The PET calculated for the SWWB (K-H 2002a) was used for the 
1995 modeling period. 

The PET calculation followed the general approach of the SWWB (K-H 2002a). 
However, several of the inputs used for calculating PET for the SWWB were not 
available from the Site meteorological data. Therefore, the PET for the WY2000 was 
recalculated using the SWWB meteorological data and the same methodology as used for 
the 1993 and 1994 data. The calculated PET for 1993 and 1994 was on the order of 
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. 1,600 mm per year. The calculated PET for 1999 was 1,300 mm and almost 1,500 mm 
for 2000. a ’ .  
Although temporally variable, PET is spatially constant in the model. It varies as a 
function of topographic slope and aspect; however, the PET is calculated for a horizontal 
surface for which average is considered reasonable over the model area. 

The ET module of MIKE SHE is an integral part of the unsaturated zone component. ET 
losses include: (1) interception by the vegetation; (2) evaporation from free water 
surfaces; (3) soil evaporation; and (4) plant transpiration. The actual evapotranspiration 
(AET) rate is simulated as a fraction of the specified time-varying potential ET rates. In 
MIKE SHE, AET represents a “sink” term in either the unsaturated or saturated zone. 
Unsaturated or saturated zone discharge as AET can vary as a function of depth on 
specified root zone distributions and depths. Soil evaporation only occurs from the upper 
numerical grid cell in the unsaturated zone model. 

Snowmelt 

The numerical model applies a simple degree/day method to determine the rate of 
snowmelt. The two variables, degree-day factor and threshold value, were set through 
calibration. The threshold (“C) defines the temperature at which snowmelt can begin. 
The degree-day factor (mm snow/day/ “C) sets the rate of snowmelt as a function of 
temperature relative to the threshold value. The values used for the SWWB (K-H 2002a) 
were used for the Present Landfill model. 

Temperature was input uniformly across the Site based on records from the Site 
Metrology Tower. A large portion (approximately 80 percent) of the 1993 temperature 
data was missing from the Site Metrology Tower and data from the Boulder, Colorado 
NCDC station was substituted. The assumption of uniform temperature distribution was 
necessary based on limited data; however, it fails to take into account the variation of sun 
exposure for slope orientation or building shadows. Typically, north-facing slopes 
exhibit slightly longer snow storage compared to south-facing slopes. 

0 

6.2.3 Surface Flow 

Overland flow was set up in the numerical model to agree with the conceptual model 
described in detail in Section 1 .O. Channel flow is of limited importance at the Present 
Landfill site due to the absence of inflow to the model area near the landfill. The runoff 
diversion ditch around the landfill was not simulated. 

In the numerical model, overland flow is defined by four main data specifications: 
I 

0 Initial water depth; 

Depression storage; 
I 

i Surface Manning (M); and 
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The initial water depth setting specifies the depth of water on the ground surface at the 
start of the model run. This depth is set at zero in the model, except for the Present 
Landfill pond, which is reasonable considering the runs were not initiated during intense 
events. The water depth at the Present Landfill pond was set as the difference between 
the average water levels in the pond and the pond bottom topography. 

Depression storage is the depth of water on the ground surface that must be filled before 
overland flow will occur. This depth accounts for microtopography and is averaged over 
the area of each model cell. Depression storage is spatially defined in the model. Based 
on the SWWB, depression storage is set to 1 111111. In MIKE SHE, depression storage is 
referred to as “detention storage”. 

The M-value, with units of m(’”)/s, is a numerical representation of the roughness of the 
surface. Decreasing M-values represent increasing roughness. A roughness of M=5 was 
specified for all areas. This value was specified to help account for the large amount of 
disturbed and partially compacted areas (dirt roads, landfill, dam, and buildings) in the 
model. 

a 

Overland flow areas are the designated overland flow boundaries within the model. 
These boundaries are applied to account for local topographic and routing features, such 
as berms that are not captured by the specified topography. The model applies three 
overland flow areas. These areas were specified based on digital subdrainage delineation 

0 of topography. 

The MIKE 11 component was not used to simulate channel flow or pond dynamics. 
There is no persistent surface water at the Present Landfill with the exception of the East 
Landfill Pond and seep. The overland flow component of MIKE SHE adequately handles 
the movement of the seep flow to the landfill pond and the standing water of the pond. 
MIKE 1 1 was not used to simulate the pond operations due to the use of spray 
evaporation of landfill pond water prior to fall 1994 as opposed to discrete pond 
discharges after 1994. 

6.2.4 Saturated Zone 
Saturated zone model components described in this section include the following: 

Hydrostratigraphic unit and numerical layering; 

Initial and boundary conditions; 

Hydraulic properties; 

Subsurface drains; and 

Subsurface barriers. 
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Model. Layers - HydrostrhtigraphidNumerical 

The saturated zone at WETS has been divided into two hydrostratigraphic units as 
described Section 4.0. The UHSU consists of the unconsolidated materials and 
weathered bedrock. The lower hyrostratigraphic unit (LHSU) consists of the 
unweathered bedrock. Vertical discretization of the model had two aspects. The first 
was to follow the geologic layers present at the site with unconsolidated material 
overlying weathered and unweathered bedrock. The second discretization is numerical, 
where the model vertical discretization is chosen to represent control features in the 
landfill trench area and for computational purposes. 

The saturated zone is vertically discretized into four model layers in the Present Landfill 
model. Table 6-2 lists the four layers of the model and what material is represented by 
each layer. The upper layer represents the unconsolidated material outside the landfill 
and waste material in the landfill. The second layer represents any unconsolidated 
material beneath the landfill and unconsolidated material outside the landfill. The third 
layer represents the weathered bedrock. The fourth layer represents the unweathered 
bedrock. 

a 

I38 
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Table 6-2. Model Layers 

Layer 

1 

2 

3 

4 

- 

Landfill Area (waste area) 

Waste 

Unconsolidated Material/ 

Weathered Bedrock 

Weathered Bedrock 

Unweathered Bedrock 

Natural Area (nonwaste 

area) 

Unconsolidated Material 

Unconsolidated Material 

Weathered Bedrock 

Unweathered Bedrock, 

The unconsolidated material was divided into two numerical layers to allow more 
accurate depiction of the model processes in the unconsolidated material. The first 
numerical model layer was made as deep as possible to allow the ET component of 
MIKE SHE to operate without the water level falling below the bottom of the numerical 
layer. The second numerical model layer was designed to allow inclusion of possible 
flow beneath the GWIS and LD where these systems do not extend to the weathered 
bedrock. Therefore, the bottom of the first numekical model layer was set to the bottom 
of the landfill or landfill ,trench if these features were present. Otherwise, it was set to 0.5 
m above the weathered bedrock surface. Both Layers I and 2 had a minimum thickness 
of 0.5 m for numerical stability, which resulted in a minor amount of the numerical 
model layers being pushed into a different geologic layer. An example of this would be a 
cell in the second numerical model layer beneath the landfill trench where the trench is 
cut into the bedrock. MIKE SHE accounts for this numerical layer shifting by 
compositing the hydraulic properties of the numerical layers to account for the relative 
percentages of the geologic layers included in each cell. 

a 

Only one layer was needed to describe the weathered bedrock because Arapahoe 
sandstone lenses, which immediately subcrop unconsolidated materials elsewhere at 
WETS, are not present in the Present Landfill area (DOE 1994). The unweathered 
bedrock was included to enable the evaluation of flow through that layer near the landfill 
dam. 
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The model thickness of the unconsolidated material (Layer 1 and Layer 2) and weathered 
bedrock (layer 3) are shown graphically on Figure 6-2 and Figure 6-3 respectively. The 
unweathered bedrock model Layer 4 was set to a uniform thickness of 183 m. Model 
layer thicknesses were developed by averaging the finer spatial resolution geologic 
surface information onto the MIKE SHE model grid. Unconsolidated material thickness 
is greatest in the landfill area (greater than10 m) and thins to the east (less than 2.5 m). 
The weathered bedrock thickness is mostly in the 2.5-m to 7.5-m range in the model area. 

Figure 6-2. Model Unconsolidated Material Thickness 

Figure 6-3. Model Weathered Bedrock Thickness 

Initial and Boundary Conditions 

Boundary conditions are required for the saturated zone portion of the degrated model. 
Groundwater appears to flow mostly west to east near the Present Landfill. In the 
southern portion of the study area, groundwater appears to flow southward out of the 
model domain. To accommodate the groundwater inflow and outflow, constant 
groundwater levels (pressures) are specified along the boundaries, while they vary 
spatially along the boundaries based on averaged conditions. Assuming uniform vertical 
pressure distributions is reasonable given the low vertical gradients at the site. A no-flow 
boundary condition is assumed for the bottom of the saturated zone. 

Initial conditions are important in the integrated model, particularly for the saturated 
zone. In integrated hydrologic modeling of semiarid conditions, the slow response time 
of the unsaturated zone, combined with the even slower response of the saturated zone to 
assumed initial conditions, requires repeated simulation of the fully integrated system to 
approach quasisteady conditions observed in the saturated system. Initially, the 
groundwater system stabilizes to conductivity distributions, spatial and temporal recharge 
response through the unsaturated zone, and assumed initial conditions. Repeated 
simulations force the system to approach a quasisteady condition. Although repeated 
simulations, using the same calibration year input stresses (precipitation and PET), do not 
represent the actual time-varying stresses applied to the system, the system does approach 
a dynamic state of equilibrium. 

The groundwater level data for the study area had temporal and spatial gaps. Therefore, a 
potentiometric surface (assumed the same for all layers) was constructed using the 
average groundwater levels fiom 1993 to 1995 from available wells. This constructed 
potentiometric surface was used as the initial condition for the simulations. To help 
stabilize the conditions prior to the calibration period, an additional year with the 1993 
climate input was simulated prior to simulating the 1993 to 1995 period. 

Hydraulic Properties 

Only the saturated hydraulic conductivities and storage coefficients (confined and 
unconfined) are required in the model. These control the flow rates and transient flow 
behavior within the saturated zone. These parameters are described below. 
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Hydraulic Conductivities 

The surficial geologic map (Figure 3-1) was used as the basis for the spatial distribution 
of horizontal hydraulic conductivities within Layers 1 and 2 over the model area outside 
the landfill area. Horizontal hydraulic conductivities within the landfill for Layer 1 were 
set for waste material or drainage material (in the LD). Horizontal hydraulic 
conductivities within the landfill for Layer 2 were set for either unconsolidated materials 
or weathered bedrock as appropriate. Conductivity values for the weathered bedrock 
(Layer 3) were set to an average value for the weathered claystones and siltstones at the 
Site. Conductivity values for the unweathered bedrock (Layer 4) were set to an average 
value for the unweathered bedrock at the Site. The hydraulic conductivity distributions 
for Layers 1 and 2 are shown on Figure 6-4 and Figure 6-5, respectively. 

3 

4 

Figure 6-4. Model Layer I Hydraulic Conductivity Distribution 

Weathered bedrock 6 .0~1 0-8 

Unweathered bedrock 25x1 0-9 

Figure 6-5. Model Layer 2 Hydraulic Conductivity Distribution 

During calibration, conductivities were adjusted primarily in the landfill and the layer 
beneath the landfill to simulate the observed well response. Locally, the hydraulic 
conductivity distributions were not adjusted to match individual well responses, but were 
instead adjusted as an entire geologic unit. 

The range of hydraulic conductivities in the calibrated model is shown in Table 6-3. 
Hydraulic conductivities for the unconsolidated deposits varied from 9 . 0 ~ 1  0-7 d s e c  for 
colluvium to 2 . 5 ~ 1  0-5 d s e c  for valley-fill alluvium. At areas where the weathered 
bedrock geologic layer intersected the numerical model Layer 2, the hydraulic 
conductivity was set to that of the weathered bedrock (6. lxlO-' dsec) .  

a 

Table 6-3. Hydraulic Conductivities Applied for the Groundwater Layers 

Waste material . 2.0~1 o - ~  - 1 1.ox10-5 

1 & 2  

The hydraulic conductivity of the waste material was varied depending on the well 
response. The majority of the waste material was set to a hydraulic conductivity of 
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1 

2 

3 

e 

Upper unconsolidated deposits 0.10 0.001 

Lower unconsolidated deposits 0.10 0.001 

Weathered bedrock 0.01 0.001 

l ~ l O - ~  d sec .  This is higher than the reported values for wells completed in and through 
the waste. It is within the range of municipal solid waste hydraulic conductivities 
reported in the literature (Table 3-1). A small stringer of waste was set to a hydraulic 
conductivity of 1 .Ox1 O4 d s e c  near the SW097 seep to concentrate seep flow. The model 
grid size of 15.2 m is coarser than the scale of the seep, which allows for some spreading 
of the seep flow and smoothing out of the topographic features that promote the seep. 
The enhanced conductivity zone was put in to counter balance these effects. The LD 
within the waste material was set at 1 .Ox1 0-3 d s e c  conductivity. This is conservatively 
low for gravel. 

The weathered bedrock zone was set in the range of the geometric mean of conductivities 
of weathered claystones and siltstones at the Site. The unweathered bedrock w8s also set 
in the range of the geometric mean for unweathered bedrock at the Site. 

4 

Storage/Specific Yield 

Confined (S,) and unconfined (S,) storage coefficients are specified for the four geologic 
layers, as listed in Table 6-4. The aquifer is unconfined at WETS and S, is, therefore,< 
more important in controlling saturated zone behavior. S, is related to the aquifer 
porosity, which is relatively low for the near-surface alluvial material. It is lower for the 
weathered and unweathered bedrock (K-H 2002a). 

Unweathered bedrock 0.01 0.001 

The S, values were chosen considering the unsaturated zone soil properties, available Site 
data, and the magnitude of groundwater rise in response to the April recharge events. 

Table 6-4. Storage Coefficients Applied for the Groundwater Layers 

Subsurface Drains 

The GWIS on the outside of the landfill trench was designed as a drain with a sand 
blanket and a perforated pipe designed to remove groundwater from the subsurface near 
the landfill. The MIKE SHE code extracts water from the saturated zone with a drain 
feature and moves the water to another specified location. This required specification of 
drain cell locations, drain inverts, drain leakage, and discharge locations. For the Present 
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Landfill model, drains were specified in cells along the outside of the landfill trench. The 
drain invert was set to the bottom. of the landfill trench for that cell based on the as-built 
drawings of the landfill trench. The drain leakage was set higher than the suggested 
values in the MIKE SHE manual to account for the permeable sand filter blanket that was 
installed with the GWIS. The location of the GWIS drain cells is shown on Figure 6-6. 

e 

Figure 6-6. Model GWIS Drain Cell Locations 

(Attached) 

The model grid spacing (1 5.2 m x 15.2 m) is much larger than the physical drain (1 -foot- 
wide drainage layer and perforated pipe). Putting this feature into the model grid 
oversimulates the areal effect of the drain. The drain effect on groundwater elevations at 
the perforated pipe is averaged across the entire model grid. 

Subsurface Barriers 

There are three distinct sets of subsurface barriers present in the Present Landfill model: 
(1) the north and south slurry walls; (2) the landfill trench clay barrier; and (3) the landfill 
dam clay core. These were all represented in the model by the MIKE SHE sheet piling 
module which allows the placement of a low-conductivity barrier between adjacent cells 
to control horizontal flow between the cells without reducing the possibility of flow in the 
cells in other directions. The assigned conductivity of the barrier needs to account for 
both the conductivity of the barrier material and the thickness of the barrier. The barriers 
were set with a leakage coegcient of lxlO-''/sec based on the SWWB results. The 
barrier leakage was then evaluated during the sensitivity runs. 

The LCB was installed on the outer edge of the Landfill Trench System. It consisted of 
lower-permeability materials that had an approximate horizontal thickness of 10 feet. 
The landfill trench invert was controlled by the need to maintain a gradient for the LD. It 
was not tied into the bedrock along its entire length (DOE 1994). The model Layer 1 
bottom was fixed to the bottom of the trench invert where the trench was present in the 
model. Therefore, the slurry wall for the LCB is only present in model Layer 1. 

a 

The north and south slurry walls were tied into the LCB and bedrock. The sluny walls 
extend along the eastern portion of the Present Landfill. They exist in the model in both 
Layers 1 and 2. 

The landfill dam clay core is made of lower-permeability material and tied into the 
bedrock. It exists in the model in Layers 1 and 2 along the approximate dam centerline. 

The model locations of the various subsurface barriers are shown on Figure 6-7. 
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Figure 6-7. Model Subsurface Barrier Locations 

(Attached) 

6.2.5 Unsaturated Zone 

The unsaturated zone discretization and model parameters are discussed in the following 
sections. 

Vertical Discretization 

The numerical solution scheme used to simulate the soil water content and flow in the 
unsaturated soil columns requires a discretization of the entire column into computational 
nodes. The discretization must be sufficiently detailed to describe the rapid changes in 
potential and soil water content following rainfall input to a dry soil, to provide a 
numerical stable solution given the strong nonlinearities of Richard’s equation, and allow 
a reasonable computation time for the entire integrated model. 

The unsaturated zone in the model area varies by the depth to the saturated zone (the 
lower boundary condition), type of unconsolidated material, and thickness of the 
unconsolidated material above bedrock. To account for this variability, the model area 
was broken into zones based on the depth to bedrock. A separate zone was determined 
for each soil type, with bedrock less than 1.5 m deep, 1.5 to 3.0 m deep, and 3.0 to 4.6 m 
deep. 

The unsaturated zone soil columns are defined from the soil surface down below the 
lowest groundwater table occurring at any time during the simulation period. The 
thickness of the unsaturated zone varies throughout the model areas and over time with 
seasonal fluctuations of the groundwater table. The numerical grid is finest at the ground 
surface to simulate the infiltration process more accurately. It is also kept relatively fine 
within the root zone (0.02 to 0.1 m) to avoid numerical instabilities caused by ET. Below 
the root zone, the grid dimensions increase with depth and are kept constant at 0.4 m, 
because flow becomes less dynamic and this improves computational efficiency. Vertical 
unsaturated zone column grid cell sizes range from 0.02 to 0.4 m (0.02 to 0.10 m within 
the root zone). 

Initial and Boundary Conditions 

n e  time scales of flow and changes in the soil moisture content of the unsaturated zone 
varies from the upper part where changes occur on the order of minutes in response to 
precipitation, to the deeper sections where the scale of changes for groundwater is on the 
order of days. 

I 

Antecedent soil moisture distribution is important to simulate the key hydrologic 
processes. If the history of seasonal changes and interannual climate variations are not 
properly taken into account when specifying initial conditions, there is a risk of 
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overestimating or underestimating the volume of water stored in the unsaturated zone.. 
The additional volume will (if not lost by ET) affect groundwater recharge. e 
Because the initial soil moisture contents could not be specified from field measurements, 
a one year “warm-up period” was used in the modeling. The model was run with the 
1993 climate data assuming an initial field capacity for a warm-up simulation period of 
one year to generate a water content distribution reflecting the seasonal state of the 
hydrologic system (December 1992). 

Because one-dimensional flow is assumed, no boundary conditions are needed for the 
unsaturated component of the integrated hydrological model. The upper boundary shifts 
automatically from a flux boundary to a head boundary when water starts ponding at the 
surface. A pressure head corresponding to full saturation is applied at the lower dynamic 
interface between the unsaturated zone and groundwater. 

Hydraulic Properties 

The unconsolidated materials have been broadly grouped into the four main surficial 
deposit material types (Qrf, Qc, Qvf, and af) shown on the surficial geologic distribution 
(Figure 3-1). The colluvium (Qc) includes all material types except the Rocky Flats 
Alluvium (Q@. The valley-fill alluvium (Qvf) includes the Piney Creek Alluvium (Qp) 
and terrace deposits (Qt). The artificial fill (af) on the surficial geologic map was 
assumed to be the surrounding geologic material except for the landfill area. 

The broad hydraulic property zonations were specified in the model primarily to address 
regional differences in unsaturated zone properties that might affect surface infiltration 
and groundwater recharge. The limited unsaturated zone data described in the SWWB 
(K-H 2002a) prevent definition of a higher number of material types in the model. As 
such, the hydraulic properties represent effective values over the extent of each model 
cell. Using fewer soil types reduces the degrees of freedom in the integrated model, 
making the process of calibration more manageable (Refsgaard 1997). Over the vertical 
extent of the unsaturated zone, hydraulic properties are assumed homogenous above the 
bedrock contact. 

Four “soil” types were defined in MIKE SHE for use in the unsaturated zone calculations 
(UZ module). Although unsaturated flow parameters vary within each of the four soil 
types, it is not possible to consider this variation in the model. Furthermore, available 
field data did not justify adding more soil types. Effective unsaturated zone parameter 
values of the soil zones are summarized in Table 6-5. 
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Table 6-5. Unsaturated Zone Hydraulic Properties 

Colluvium (west section) 0.37 0.18 0.16 IxlO-’ 15 

Valley-fill alluvium 0.40 0.35 0.17 5x10” 20 

Mixed waste and daily cover 0.30 0.13 0.08 Ix lO” 5 

The waste soil type parameters are a lumped category based on literature values for 
unsaturated zone modeling for landfill leachate recirculation (Reinhart and Townsend 
1998) and the modeled values for the daily cover material, which has been estimated to 
compose 30 percent of the landfill volume (DOE 1994). 

Soil moisture retention characteristics were specified for each soil in MIKE SHE. These 
data are defined by the water content (0) as a function of capillary pressure, Y(8). Other 
unsaturated data specified for each soil in the code include: ( I )  water contents at field 
capacity (Ofc); (2) wilting point (0,); (3) saturation (€Is); (4) saturated hydraulic 
conductivity (Ks); and (5) an exponent controlling the shape of the K(8) curve. 

During calibration, Ks and Of, were adjusted to provide a balance between overland flow 
contributions caused by insufficient infiltration capacity, soil moisture profiles, ET 
losses, and groundwater recharge. Groundwater table observations indicate that the 
majority of recharge occurs in April, which was used to derive the unsaturated zone 
parameters. 
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7.0 INTEGRATED NUMERIC MODEL PERFORMANCE 

The performance of the integrated MIKE SHE model is described in this section. Model 
performance is demonstrated in three steps: calibration, model validation, and sensitivity 
analysis. In the calibration process, discussed in Section 7.1 , key model input parameters 
are adjusted to reproduce various observed system responses. 

a 

Model performance was further validated using climate conditions for the post- 
calibration time period. The sensitivity analysis was conducted to demonstrate the model 
performs reasonably and determine which model inputs affect system responses the most 
in focus areas. 

7.1 Model Calibration 
The integrated model for the Present Landfill was calibrated using an approach similar to 
that described in the SWWB modeling report (K-H 2002a). The model was then run 
using spatial and temporal interpretations of the actual external stresses. The model 
simulates various types of system output that are then compared to observed system 
response data. Model input is then adjusted iteratively, to reduce the difference, or 
residual, between simulated and observed response. This procedure is followed until the 
simulated and observed responses are reasonably close. 

Calibrating an integrated model is more complex than calibrating a single-process model, 
such as a saturated zone groundwater flow model. As such, less emphasis is placed on 
pre-defining a set of calibration target levels. Instead, more emphasis is placed on 
demonstrating that the integrated model response is realistic. 

The success of the calibration process depends on the quality and quantity of available 
input stresses, initial model parameters, and system response data. System response data 
are typically referred to as calibration targets, and initial estimates of model parameters 
adjusted during the calibration process are referred to as calibration parameters (ASTM 
1993). 

Calibration targets typically only consist of measured system response data. However, in 
an integrated model, other less quantitative response data can also be used in the 
calibration process. For example, seep areas, or general losing or gaining reaches along 
streams, represent semiquantitative system response. 

0 

Calibration parameters adjusted in the integrated Present Landfill model included 
hydraulic conductivity, GWIS drain leakage, unsaturated zone properties, and vegetation 
parameters. Other types of model input typically not adjusted during model calibration 
include data such as geologic surfaces or topography. These are not adjusted because 
they are generally known more reliably over the model area, or do not affect flows as 
much as the selected calibration parameters. 
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A comparison of simulated and observed system response (calibration targets) is 
described in Section 7.2. Other types of simulated system response are described in 
Section 7.2.3. 

7.2 
Model calibration was measured by comparison of simulation results and observed data. 
For the calibration period, observed quantitative data include: 

Comparison of Simulated and Observed Response 

Groundwater levels; and 

Approximate seep flow rates. 

The following sections present the calibration results with a discussion of model 
performance and applicability. 

7.2.1 Surface Water 

The model predicts very minor amounts of overland flow. This flow is concentrated at 
the seep area (SW097) flowing into the landfill pond. A minor amount of overland flow 
is predicted in No Name Gulch and the northern tributary of No Name Gulch, because 
these areas have shallow bedrock depths and the surface topography is steep. There is 
some predicted overland flow in the southwestern portion of the site toward the North 
Walnut Creek drainage where bedrock depths are very shallow. The cumulative 
simulated overland flow for 1994 is shown on Figure 7-1. Constant head cells in the East 
Landfill Pond area were specified to simulate the pond itself, so the overland flow in this 
area simply reflects effects of these constant head cells. 

‘a 
Figure 7-1. Model Overland Flow - 1994 

(ATTACHED) 

7.2.2 Groundwater 

The modeled response for groundwater heads and discharges is described in the following 
sections. 

Groundwater Levels 

Groundwater level data for 1994 were chosen as the principal model calibration targets. A 
secondary set of calibration criteria, represented by the temporal water level trends in 
individual wells, is also used to constrain the model calibration. As discussed in Section 
3.0, groundwater levels vary seasonally, but have a reasonably consistent yearly average. 
A noticeable increase was seen in most wells during the very wet spring of 1995. Very 
few wells were present in the western portion of the study area until after 1995. Some 
wells in the study area had data for 1993 but not for 1994. To obtain the largest spatial 
distribution of calibration targets, the calibration data set was constructed of the 0 
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following: (1) 1994 average groundwater elevations for wells with this data; (2) 1993 
average groundwater elevations for wells removed in 1993; and (3) groundwater average 
elevations for wells installed after 1994. 

The calibration focused on wells completed in alluvium or across the alluviumhedrock 
contact. Seventy-one wells were considered for the calibration effort. Many of the 
bedrock wells appeared to be impacted by sampling and are likely biased low. 

The spatial distribution of groundwater residuals for the 1994 period is shown on Figure 
7-2.. Many of the wells are within 1 m of the annually averaged groundwater depths. The 
spatial distribution of groundwater residuals is reasonable, showing little bias of residuals 
to positive or negative values. This is further supported in a graphical plot of the 
modeled versus measured depths to water levels shown on Figure 7-3. The groundwater 
residuals were calculated from depth-to-water measurements. The average measured 
depth to water, period of measurement, and residuals are shown in Table 7-1. The wells 
had a root mean square of residuals (RMSR) of 1.17 m and the average residual was 0.2 1 
m for the calibration heads. 

Figure 7-2. Average Model Groundwater Head Residuals - 1994 

(ATTACHED) 

Figure 7-3. 1994 Groundwater Residuals 

e (ATTACHED) 

Table 7-1. Calibration Well Residuals 

(Attached) 

The temporal response for the 1993 to 1995 model period for selected wells is shown on 
Figure 7-4 and Figure 7-5. These wells were chosen for their spatial distribution in the 
landfill waste, near the landfill, and downstream of the dam. It can be seen that the 
landfill wells (72293,6487, and 71493) demonstrate the damped response of the system. 
The natural system wells near the landfill (1 086,6087, and 70693) show a more 
amplified response with a good match on the timing and magnitude of response to 
recharge events and a good sensitivity to the normal ET stress on the system. The wells 
downstream from the dam (4087 and 4287) show a good response on timing and 
magnitude to recharge events and are sensitive to the ET stress. 
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Figure 7-4. Modeled Well Response 

(ATTACHED) . 

Figure 7-5. Modeled Well Response 

(ATTACHED) 

Modeled vertical flows between Layers 1 and 2 and Layers 2 and 3 are shown on Figure 
7-6 and Figure 7-7, respectively. The majority of the vertical flow in the model layer 1 is 
downward (negative). Upward vertical flows (positive) occur near the East Landfill Pond 
boundaries, the SW097 seep area, and No Name Gulch and the drainages leading into No 
Name Gulch. Upward flow also occurs along the northwestern model boundary where 
the topography descends into the North Walnut Creek drainage. The effect of the landfill 
GWIS and LD systems is seen in the model, with both systems drawing flow from Layer 
2. 

Figure 7-6. Modeled Vertical Flows from Layers I to 2 (1994) 

(ATTACHED) 

Figure 7-7. Modeled Vertical Flows from Layers 2 to 3 (1994) 

(ATTACHED) 
e 

The cumulative simulated vertical flow from model Layers 2 to 3 for 1994 is shown on 
Figure 7-7. Groundwater flows downward over the majority of the model area. Upward 
vertical flow is again predicted near the pond, seep area, and No Name Gulch and the 
drainages leading into the gulch. The modeled landfill GWIS and LD systems produce 
upward flow from Layers 3 to 2 (weathered bedrock to overlying unconsolidated 
material). 

Groundwater Flow Directions 

Modeled mean groundwater flow directions for 1994 are shown on Figure 7-8, Figure 
7-9, and Figure 7-10 for model Layers 1,2, and 3, respectively. It is important to note 
that these figures are scaled based on the largest flow vector for each layer and a 
multiplication factor large enough to exhibit flow vectors for that figure. Some areas 
without obvious flow vectors may either be predicted as dry in the model, or, more likely, 
very small flow amounts compared to the maximum flow areas. The flow vectors give an 
indication of the mean modeled flow directions and relative magnitude of groundwater 
flow in that layer. The flow vectors are comparable across layers. 
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Figure 7-8. Modeled Horizontal Flow Layer I (1994) 

(ATTACHED) 

Figure 7-9. Modeled Horizontal Flow Layer 2 (1994) 

(ATTACHED) 

Figure 7-10. Modeled Horizontal Flow Layer 3 (1994) 

(ATTACHED) 

The flow vectors give an understanding of the predicted groundwater flow directions in 
the model. They can be compared to the conceptual understanding of the groundwater 
flow directions based on the interpreted data presented in Section 3.0. 

The model simulates flow along the LD in Layer 1 with relatively larger amounts of flow 
along the southern portion of this system. Groundwater flow upgradient and exterior to 
the landfill wastes is drawn toward the GWIS drain. This indicates that groundwater 
levels are at least high enough in Layer 1 , exterior to the landfill waste, to be controlled 
by the GWIS drain, if it is actually functional as conceptualized in the current model. In 
general, the majority of groundwater within the landfill waste material flows toward the 
LD, and only the central upgradient area of the landfill is actually directed toward the 
seep. Flows are highest near the vicinity of the seep area (SW097). 

The model simulates groundwater flow toward the LD and GWIS along much of the 
western landfill boundary. Very little groundwater flows through the north and south 
landfill slurry walls. The majority of flow in Layer 2 in the landfill is in the centerline of 
the eastern portion of the landfill, with water flowing to the SW097 seep and landfill 
pond. Groundwater flow also occurs in No Name Gulch below, and to the northern 
portion of the landfill dam. 

In Layer 3, the model simulates flow toward the LD and GWIS along much of the 
western landfill boundary. Again, this flow shows the modeled influence of these 
systems. A relatively large portion flows toward the landfill pond, toward the northern 
tributary of No Name Gulch, and on the northern portion of No Name Gulch below the 
landfill pond. 

Overall, simulated groundwater flow directions appear reasonable, with flow going to the 
discharge points of the landfill seep (SW097), East Landfill Pond, and the other 
topographic discharge points. 
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Seep Discharge 

In MIKE SHE, seep flow is calculated as water discharging from the saturated zone to 
overland flow. The modeled seep flow for SW097 shows seasonal variation ranging from 
1.5 to 3 gpm and averaging 2 gpm for the simulation period. The simulated temporal 
response is shown on Figure 7-1 1. The model seep flow closely matches the average 
estimate of approximately 2.5 gpm (Section 3.5.1). 

Figure 7-11. Modeled SW097 Seep Flow 

e 

(ATTACHED) 

All of the areas in the model that produced flow from the saturated zone are shown on 
Figure 7-12. The model predicts a net seep flow at SW097 and the area immediately east 
of SW097. Flow into the pond is shown and relatively small amounts of seep flow along 
No Name Gulch and the northern tributary of No Name Gulch are also shown. 

Figure 7-12. Modeled Seep Areas (1994) 

(ATTACHED) 

G WIS Drain Discharge 

The modeled GWIS discharge rates are shown on Figure 7-13. Including the large 
increase-in the modeled discharge rate in 1995, the average modeled discharge is 
approximately 3.3 gpm. The modeled discharge shows seasonal variation as it responds 
to precipitation events. The cumulative model predicted volumes for 1994 are shown on 
Figure 7-14. The predicted groundwater discharges to the GWIS are largest in the west 
and decrease along the southern portion of the system. 

0 

Figure 7-13. Modeled GWIS Discharge Rates 

(ATTACHED) 

Figure 7-14. Modeled GWIS Volumes (1994) 

(ATTACHED) 

The GWIS is modeled as a set of drains that discharge the intercepted water outside the 
model. As discussed in Section 0, the actual GWIS discharge points are not clearly 
known. The modeled GWIS setup is one possible interpretation of how to handle the 
system. Another possible interpretation is flow along the GWIS to the lowest elevation 
on the system (to the east) and then removal of the water from that location. 
Additionally, the intercepted water could be routed to the East Landfill Pond or No Name 
Gulch. 
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The model interpretation was designed to evaluate the potential system response if the 
GWIS is operating as designed. The model residuals (Figure 7-2) show a reasonable 
response at the western end of the GWIS. Further along the system, the modeled 
response is lower on the outside of the GWS than actual values. Further east, the 
modeled response is again close to measusd. groundwater elevations. Some of the model 
response to the GWIS is due to the spatial scale of the model grid. A well that is near the 
GWIS may share a model grid with the system, depressing the simulated groundwater 
levels at the well. 

a 

It is also important to recognize that the LD system in the model has the potential to 
affect the effectiveness of the GWIS at draining external groundwater inflows because of 
the potential flow pathway beneath the trench system through alluvium, or in some cases 
weathered bedrock. The degree to which the LD might affect GWIS operation depends 
on the local hydraulic properties of material beneath the trench system, as'well as the 
relative efficiency of the LD and GWIS. 

One of the sensitivity runs assumed the GWIS was not functioning (Section 7.4). The 
residuals for this model run are shown on Figure 7-15. 

Figure 7-15. No GWIS System Model Groundwater Head Residuals (1994) 

(ATTACHED) 

Water Balance Data 

The model-wide water balance for 1994 is shown on Figure 7-1 6.  As in the SWWB 
modeling (K-H 2002), the landfill model's water balance is dominated by precipitation 
and ET. Overland boundary outflow is negligible. There is a drop in the subsurface 
storage. Subsurface boundary outflow is approximately 50 percent more than the 
subsurface boundary inflow. The GWIS drainage system removes approximately one- 
third of the subsurface boundary outflow. 

Figure 7-16. Modeled Water Balance for 1994 

(ATTACHED) 

A water balance was calculated for each focus area shown on Figure 5-2. A summary for 
each area is shown on Figure 7-17. Within the landfill area the majority of precipitation 
is removed by ET. The remaining precipitation recharges the saturated zone. The 
saturated zone discharges to the SW097 seep. The model shows seep flow to be slightly 
larger than the recharge for 1994, with the remainder made up by a reduction in storage. 
There is a minor amount of subsurface boundary inflow. 

The SW097 seep catchment water balance is dominated by the subsurface boundary 
inflow that then leaves this catchment area as overland flow. The landfill pond 
catchment includes ET from the vegetation surrounding the pond and evaporation from 
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the ponded water being the dominant sink term. There is overland boundary inflow from 
the SW097 seep area. There is slightly more modeled subsurface boundary inflow than 
outflow for the pond catchment. 

I. 

ET loss is approximately 50 percent greater than total precipitation in the downstream 
dam catchment area due to the riparian vegetation and subsurface inflow to the area. 

Figure 7-17. Focus Areas Modeled Water Balances (1994) 

. .  

~ 

(ATTACHED) 

7.2.3 Additional Simulated System Response 

Modeled overland flow, ET, groundwater recharge, and groundwater discharge across 
model boundaries, as well as simulated numerical error, are described in this section. 

a 

1 Overland Flow 

The amounts of overland flow generated by the model for 1994 are shown on Figure 7- 1. 
The model predicts overland flow at and near the landfill SW097 seep where the bedrock 
surface is very shallow. Additional flow is predicted in No Name Gulch and its 
tributaries where topographic lows are present. 

Actual Evapotranspiration 

Modeled AET is shown on Figure 7-18. The predicted AET amounts are highest around 
the landfill pond and No Name Gulch and its tributaries where groundwater is shallow 
due to near-surface bedrock. A higher density of riparian vegetation occurs at these 
locations, which is effective at removing the shallow groundwater. 

Figure 7-18. Modeled Total AET (1994) 

(ATTACHED) 

Groundwater Recharge 

The simulated distribution of annual groundwater recharge ( d y e a r )  is shown 
graphically on Figure 7- 19. Recharge is an important process to consider in simulating 
the integrated response of the system because it controls the groundwater flow and also 
reflects unsaturated zone conditions, including effects of ET. Positive values indicate 
that recharge to the saturated zone occurs, while negative values indicate that 
groundwater discharge occurs. ET is greater than recharge. 
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Negative recharge rates occur along No Name Gulch and its tributaries, near the SW097 
seep area, and some of the mesa areas. The simulated recharge rates in the landfill area 
are on the order of 50 &year. This is higher than the 25 to 41 &year assumed in 
previous reports. The integrated model allows a simulation of the wetting front 
percolating into the landfill, versus making an assumption about the recharge rates. The 
simulated recharge in the landfill area is consistent with the rates reported for that area in 
the SWWB (K-H 2002a). 

'e 

Figure 7-19. Modeled Total Recharge (1994) 
. .  

(ATTACHED) 

Groundwater Discharge 

The relative lateral groundwater discharge can be seen on Figure 7-8, Figure 7-9, and 
Figure 7-10. Modeled groundwater boundary discharge tends to follow the topography, 
with discharges into the North Walnut Creek drainage to the south and No Name Gulch 
to the east. 

Simulated Numerical Error 

The total combined numerical error for the MIKE SHE model process (overland flow, 
unsaturated zone flow, saturated zone flow, and snowmelt) is shown on Figure 7-20. In 
general, errors were small compared to the total mass balance. Locally, errors were 
higher along the southern model boundary, near the SW097 seep area, and at the 
connection of the south slurry wall and landfill trench. 

Figure 7-20. Total Annual Numerical Error (1994) 

(ATTACHED) 

7.3 Model Validation 
The calibration effort considered model performance only for the range of conditions 
observed from 1993 to mid-1995. Model validation consisted of testing the model 
against an additional period of climatic record that was not used in the calibration. As 
such, this validation was an additional assessment of the numerical model performance to 
determine whether the calibrated parameters are close to the actual values. The approach 
and findings of the validation run are presented and discussed below. 

7.3.1 Approach 

The validation period chosen was WY2000 (October 1999 to September 2000). This 
period was chosen based on the climatic and system response information available. This 
section briefly discusses the validation period climate, validation model development, 
and the data limitations. 
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The model was modified in two major ways. The topography for the Present Landfill 
area had changed due to continued landfill operations. The landfill was regraded and 
reseeded in 1998 when landfill operations ceased. The model topography was adjusted in 
the landfill area to reflect the regarded surface. The vegetation distribution in the landfill 
area was changed to a modified mesic vegetation. The seeding of the landfill most 
closely resembles the native mesic vegetation (K-H 2000). Because the landfill was 
recently reseeded, the LA1 of the model vegetation on the landfill was reduced to 75 
percent of the normal LAI in the landfill area. 

Climatic data for WY2000 was prepared as part of the SWWB (K-H 2002a). The 
calculation of PET for this data involved variables not available for the calibration period 
of the Present Landfill model (see Section 3.1.1). For consistency, the PET was 
calculated for WY2000 using the same methodology as for the 1993-1994 climate data. 
The daily PET predicted by the REF-ET program was then divided over the 12-hour 
period from 7 A.M. to 7 P.M. each day. The REF-ET program predicted a decreased 
amount of PET (roughly 15 percent) for WY200 as compared with the 1993 - 1994 PET 
amounts. This appeared to be due to temperature and precipitation differences between 
the two periods. 

. 

The validation model run was hot started from the calibration model September 1993 
conditions. This allowed the simulation to start from a system where the unsaturated 
zone conditions had stabilized. 

7.3.2 Results 

The validation model residuals for the WY2000 are shown on Figure 7-2 1 .  There are 0 
fewer wells with water level data during this period and no wells present within the 
landfill during this time. The wells outside the landfill show good agreement near the 
landfill boundary. Simulated water levels are slightly high in No Name Gulch. The 
residuals are plotted on Figure 7-22 and summarized in Table 7-2. Well 1297 had two 
total measurements during this time period that varied by 7 m. Without this well, the 3 1 
calibration wells had a RMSR of 1.37 m. 

April 2003 7-10 - 



. .  Integrated Hydrologic Model for the Present Landfill 

Figure 7-21. Validation Model Groundwater Residuals (WY2000) 

(ATTACHED) 

Figure 7-22. W 2 0 0 0  Model Groundwater Head Residuals 

(ATTACHED) 

Table 7-2. Calibration Groundwater Residuals 

(ATTACHED) 

The average modeled seep flow at SW097 was 3.7 gpm. The GWIS discharge, as 
predicted by the model, averaged 5 gpm. 

The model showed a reasonable response to the WY2000 climate simulation. The model 
is sensitive to climate and the driving forces of precipitation and ET. 

7.4 Model Sensitivity Analysis 
A sensitivity analysis was conducted using the calibrated Present Landfill model 
primarily to establish which model parameters control the hydrologic flow response for 
the Present Landfill system. Several “what-if’ scenarios were run where subsurface 
structures (GWIS and LCB) were taken out. In addition, general simulated system 
response was assessed mainly in the focus areas through this analysis to demonstrate 
model performance. The sensitivity of various different model output to input parameters 
was considered within these focus areas. A brief summary of the approach and results of 
the sensitivity analysis are presented in this section. 

0 

7.4.1 Approach 

Through calibration, a subset of the total number of model parameters was identified for 
the sensitivity analysis. All possible combinations of the selected key parameters were 
not considered because of the number of simulations this would require and the complex 
integrated response. Instead the parameters were changed one by one to isolate the effect 
of individual parameter, and all other parameters were unchanged corresponding to the 
calibrated model parameter set. The majority of the sensitivity runs were conducted on 
reduced model catchments that focused on the landfill area or the landfill and 
downstream of the dam. The reduced catchments were used to conduct more model 
sensitivity runs focusing on the core landfill area. 
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The sensitivity runs conducted are listed in Table 7-3. 

Table 7-3. Model Sensitivity Simulations 

(Attached) 

The ranges of parameter values considered in the sensitivity analysis were selected based 
on observed WETS data ranges and publications on parameter ranges in general. A total 
of 23 sensitivity runs were completed changing one model parameter at a time. 
Additionally, three “what - if’ scenarios were completed. The parameter; that were 
considered include: 

Saturated zone hydraulic conductivity; 

Landfill material hydraulic conductivity; 

0 GWIS leakage coefficient; 

LD conductivity; 
, .  

Landfill material porosity; 

Slurry wall leakage (LCB, north and south slurry walls, and landfill pond dam core) 
coefficients; and 

0 Landfill pond water levels. 

The “what-if’ scenarios assumed there was no GWIS in operation, a GWIS was blocked 
at the pipe connection between the perforated pipe and the solid discharge pipe, no LCB, 
and no Landfill Trench System. 

Given the coupled processes of an integrated model, it is important to stress that model 
responses may exhibit local “discontinuities” or “thresholds” which implies that 
parameter sensitivity may depend on the absolute value of the parameter itself, 
correlation with remaining parameters, and the model state variables. Certain model 
responses (e.g., drain runoff) are triggered at groundwater levels above the specified 
drain levels, in which case the generated runoff influences the water balance, whereas it 
would have no effect when the groundwater table is lower than the drain level. The 
parameter ranges in the calibrated model were assumed physically realistic, and hence the 
analysis describes model sensitivities only in this part of the parameter range. 

A number of relative and comparative measures were applied to evaluate the sensitivity 
at points of importance, namely: 

Changes in discharge at SW097 &d the GWIS drainage volumes; and 
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Groundwater level sensitivity for mean 1994 modeled levels (changes in the landfill 
area and below the landfill dam). 

7.4.2 Results 

The comparative results of the sensitivity model runs are shown in Table 7-4. The table 
is color coded by the system response. 

Table 7-4. Model Sensitivity Simulations 

(Attached) 

SW097 Seep Flows 

Modeled SW097 seep flow had an increase of 10 percent or greater for increased 
saturated conductivity of the waste material, LD material, external soil, and weathered 
bedrock; conductivity of unsaturated waste; and low porosity of waste material. Seep 
flow decreased by 10 percent or more for a lower saturated conductivity of the waste 
material, lower conductivity of unsaturated waste material, higher porosity of the waste 
material, and lower hydraulic conductivity of the layer underlying the waste material. 
Other parameter changes had a marginal effect on the modeled SW097 seep flows. 

The modeled seep flow increased for the “what-if’ scenarios of no GWIS and the GWIS 
blocked at the end of the perforated pipe section. The modeled seep flow decreased for 
the “what-if’ scenario of no Landfill Trench System. 

Modeled G WIS Drainage 

Modeled GWIS drainage increased by 10 percent or more for higher conductivity of the 
unconsolidated materials outside the landfill the weathered bedrock. The modeled 
drainage decreased by 10 percent or more for lower GWIS leakage coefficient, lower 
conductivity of the external unconsolidated materials, lower waste unsaturated 
conductivity, higher porosity of the waste material, and lower conductivity of the material 
underlying the waste. 

Land$ll Groundwater Levels 

The mean modeled groundwater elevations for 1994 increased for the simulations with 
lower saturated conductivity of the waste material, increased conductivity of the external 
unconsolidated materials, increased waste material unsaturated conductivity, lower 
porosity of the waste material, and decreased conductivity of the material underlying the 
landfill. The modeled elevations decreased for simulations with higher waste material 
conductivity, higher conductivity of the weathered bedrock, lower conductivity of the 
unsaturated waste material, and higher porosity of the waste material. 
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The modeled groundwater elevations increased for the “what-if’ scenarios of no GWIS, 
the GWIS blocked at the end of the perforated pipe section, and no Landfill Trench 
System. 

Below Dam Groundwater Levels 

The mean modeled groundwater elevations for 1994 increased for higher dam slurry wall 
leakage, higher conductivity of the unconsolidated materials, higher conductivity of the 
weathered bedrock, and higher conductivity of the unweathered bedrock. Modeled 
groundwater elevations decreased for lower conductivity of the unconsolidated materials 
and the weathered bedrock. . 

No LandJill Trench System Simulation 

. 

One of the “what-if’ scenarios was the absence of all the components of the Landfill 
Trench System (GWIS, LCB, and LD). The groundwater residuals from this model run 
are shown on Figure 7-23. The groundwater residual distribution is very similar to the 
calibrated model simulation outside the landfill area. In the landfill area, the model 
overpredicts groundwater elevations in most places, especially in the western portion of 
the landfill. This suggests that the Landfill Trench System is operating in this portion of 
the landfill. 

Figure 7-23. No Landfill Trench System Groundwater Residuals (I 994) 

(ATTACHED) 
_”.. 

The modeled mean groundwater flow directions for 1994 are shown on Figure 7-24, 
Figure 7-25, and Figure 7-26 for model Layers 1,2, and 3, respectively. It is important to 
note that these figures are scaled based on the largest flow vector for each layer and a 
multiplication factor large enough to exhibit flow arrows for that figure. The flow 
vectors give an indication of the mean modeled flow directions and relative magnitude of 
groundwater flow in that layer. The flow vectors are not comparable across layers. 

The modeled flow vectors show groundwater moving from west to east across the landfill 
area. The groundwater flow within the landfill then concentrates near the SW097 seep 
discharge location. 

The modeled seep discharge for this case averaged 1.5 gpm or 75 percent of the baseline 
model.’ A water balance for the simulation without the Landfill Trench System showed 
discharge from the SW097 seep location being approximately 90 percent of the 
groundwater recharge over the landfill area. . 
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Figure 7-24. No Landfill Trench System Modeled Horizontal Flow Layer 1 
I 

(1994) 

(ATTACHED) 

Figure 7-25. No Landfill Trench System Modeled Horizontal Flow Layer 2 

(1994) 

(ATTACHED) I 

I 

Figure 7-26. No Landfill Trench System Modeled Horizontal Flow Layer 3 

(1994) 

(ATTACHED) 
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8.0 HYPOTHETICAL SCENARIO . 

A hypothetical scenario was run to evaluate the impacts of a potential closure scenario for 
the Present Landfill. This scenario was requested by ER personnel. 

e 
8.1 MODEL SETUP 
The topography and vegetation of the Present Landfill area has changed since the 
calibration period of 1993 to mid- 1995. To evaluate the potential change in the system 
hydrology for the hypothetical scenario, it was necessary to run a new baseline simulation 
that had the current topography (1999) and the vegetation distribution of the validation 
model. This baseline model was run with the calibration climate input of 1993 to 1994. 
The hypothetical scenario was then run with appropriate modifications to the topography, 
and the assumption of the landfill being hlly vegetated with mesic vegetation. The 
future scenario was then run with a hypothetical wet climate. 

8.1.1 Structural Modifications 

The hypothetical scenario has an assumed 1 foot of additional cover material over the 
Present Landfill area. This additional cover material has the modeled unsaturated 
hydraulic properties of Rocky Flats Alluvium and a saturated hydraulic conductivity of 
1x10” cdsec. The portion of the model with the additional cover material is shown on 
Figure 8-1. 

Figure 8-1 Modified Areas Present Landfill 

-, 

a 
(Attached) 

8.1.2 Climatic Conditions 

The baseline run and hypothetical scenario both used the 993 an1 994 climate 
sequence to calibrate the model. The development of this climate sequence is described 
in Section 6.2.2. A “wet year” climate sequence fiom the SWWB (K-H 2002a) was used 
to pertubate the system to simulate climatic uncertainty. This wet year sequence was the 
WY2000 precipitation multiplied by a factor to generate a wet year of precipitation. This 
WY2000 precipitation was then mapped to the period of October 1993 to November 
1994. , 

8.1.3 InitiaYBoundary Conditions 

For the hypothetical scenario, initial groundwater levels, developed by simulating two 
full years, were used in the simulation to stabilize unsaturated zone conditions. Because 
the two runs were made using the same initial conditions, simulated differences between 
the two models reflect .only the effects of modifications, rather than the initial conditions. 
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. .  

The boundary conditions for the surface and groundwater flow systems were the same as 
the calibration model. Constant groundwater levels were specified on the model 
boundaries, and for the landfill pond. 

8.2 HYPOTHETICAL SCENARIO SIMULATION RESULTS 

a 
The model outputs were for the climate period October 1993 to November 1994 
(WY1994). This different output period from the calibration model results (calendar year 
1994) was chosen to utilize the “wet year” climate that had been specified for a water 
Year, 

8.2.1 Change in Groundwater Levels 

Groundwater levels in the landfill focus area were approximately 0.6 m lower in the 
scenario with the additional cover material and full vegetation than in the baseline model 
run. This is attributed to less modeled recharge in the landfill focus area. The wet year 
simulation had mean groundwater levels in the landfill focus area approximately 0.5 m 
lower than in the baseline model run. 

8.2.2 Seep Flow 

The modeled seep flow decreased slightly more than 10 percent in the scenario run from 
the baseline run. The modeled seep flow for the wet year simulation was effectively the 
same as the baseline run. 

8.3 UNCERTAINTY ANALYSIS 
e 

The primary purpose of simulating ’the hypothetical scenario was to predict hydrologic 

responses that result from the changing cover material and vegetation on the Present 

Landfill. An uncertainty analysis is usually conducted to determine the uncertainty of 

these model predictions given the uncertainty in different model input. It was requested 

that the uncertainty analysis for the hypothetical scenario be limited to the wet year 

climate simulation. 

8.4 LOW-PERMEABILITY MATERIAL SIMULATION 
An additional simulation was conducted using a 1 .S-foot, low-permeability layer over the 
waste material for the calibrated model. This simulation was run for the calibrated model 
climate sequence to evaluate the potential effects of reduced recharge to the landfill 
system. 

8.4.1 Simulation Results 

The modeled mean groundwater flow directions are shown on 
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~ 

Figure 8-2 and Figure 8-3 for model Layers 1 and 2, respectively. It is important to note 

vectors give an indication of the mean modeled flow directions and relative magnitude of 

that these figures are scaled based on the largest flow vector for each layer and a 
multiplication factor large enough to exhibit flow arrows for that figure. The flow 

groundwater flow in that layer. The flow vectors are not comparable across layers. 

The modeled flow vectors show groundwater flow concentrated in the center of the 
landfill and along the southern arm of the LD in model Layer 1. Groundwater flow is 
more evenly distributed in model Layer 2, with groundwater flow going toward the 
landfill. Groundwater from the landfill area discharges at the SW097 seep area. 

I 

I 

I 
I 

a 

Modeled recharge in the landfill area was approximately 10 percent of the calibrated 
model. Average modeled seep flow for this simulation was 1.5 gpm. This is 
approximately 75 percent of the calibrated model run. The model shows the seep flow 
being met by an increased amount of water coming as horizontal and vertical idlow and 
a decrease in storage in the landfill area. The groundwater levels in the landfill area 
dropped by an average of 0.5 m from the calibrated model. 

Figure 8-2. Reduced Recharge Modeled Horizontal Flow Layer I 

(ATTACHED) 

Figure 8-3. Reduced Recharge Modeled Horizontal Flow Layer 2 

(ATTACHED) 
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9.0 SUMMARY AND KEY FINDINGS 

Information for the Present Landfill modeling project was derived principally from 
available reports in the ER library, Site-wide well data, and data collected for the SWWB 
(K-H 2002a). Background on available landfill-related data and history is presented in 
Section 2.0, while available data and their interpretation used to develop an integrated 
conceptual flow model for the landfill are presented in Section 3.0. From the compiled 
information, a conceptual model of the hydrologic system at the Present Landfill was 
constructed and is presented in Section 4.0. 

0 

A numerical model was then constructed using the integrated flow code MIKE SHE 
using an approach outlined in Section 5.0. Details of the integrated numerical design of 
the MIKE SHE flow model for the Present Landfill are presented in Section 6.0, while 
the actual model performance is described in Section 7.0. The numerical model focused 
on the Present Landfill and surrounding areas. Geologic surfaces for the top and bottom 
of the weathered bedrock zone were interpreted based on the most complete compilation 
of historical boring information to date. Extent and thickness of the waste material from 
previous work was incorporated into the model. In addition, key landfill control 
structures (GWIS, LCB, LD, and slurry walls) were also included in the model design. 
Published vegetation distributions for the 1993 to mid-1 995 and 2000/2001 time periods 
(K-H 2002a) were converted into hydrologically significant categories and used in the 
model for calibration and model validation. The REF-ET Program (Allen 2000) was 
used to calculate the PET using the FA056 version of the standard Penman-Monteith 
equation for 1993 and 1994 Site climatic data. 

The model was calibrated using data for the 1993 to mid- 1995 period. This period was 
chosen because it was the latest historical period of water level measurements within the 
Present Landfill boundary, and spring 1995 was an extremely wet period with substantial 
system response. Model calibration focused on matching average 1994 groundwater 
levels, timing and magnitude of system response at wells, and the seep flow at SW097. 

Following model calibration, a sensitivity analysis was conducted to establish which 
model parameters dominate the hydrologic flow response for the Present Landfill system. 
Model sensitivity to hydraulic conductivity, leakage coefficients, landfill material 
properties, and pond water levels was evaluated for seep flow, modeled GWIS discharge, 
and groundwater levels. 

The model was run for a validation period of WY2000 with the topography modified to 
the current land surface at the landfill and the vegetation coverage revised to reflect that 
the landfill area had been reseeded in 1998. The model was found to be sensitive to the 
WY2000 climate change and vegetation changes but simulates system response 
reasonably well. 

In Section 8.0, a hypothetical scenario was run to evaluate the possible impacts of a 
potential closure scenario for the Present Landfill. This scenario modified the surface in 
the landfill area by adding 0.3 m of cover material and having the landfill area be fully 
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vegetated with mesic vegetation. This simulation was compared to a simulation with the 
landfill not having the additional cover and less established vegetation. These 
simulations were run for the calibration model climate years of 1993 and 1994. An 
additional run was performed with the wet year precipitation from the SWWB (K-H 
2002a) to evaluate impacts of a wetter climate on the landfill system. 

a 
9.1 KEY FINDINGS 
The primary purpose of developing a flow model was to better understand the past, 
current, and possible future integrated hydrologic conditions to support a detailed water 
quality analysis in the Present Landfill area. The amount of modeling output generated 
through development and application of the integrated Present Landfill model is 
substantial and provides new insight into the integrated and dynamic hydrologic behavior 
within and surrounding the Present Landfill area. Key findings include the following: 

The calibrated integrated model reproduces observed annual landfill seep (S W097) 
flow location and discharge, and key spatial and temporal well water level response to 
annual recharge events and ET reasonably well. 

The model shows that observed seep flow and water level data are best simulated 
when the Landfill Trench System (Le., the GWIS, LCB, and LD) is assumed to be 
functional. 

Modeling shows that groundwater interior to the trench system flows outward to the 
LD and is then routed toward the former West Landfill Pond area. Exterior 
groundwater is intercepted by the GWIS and directed away to either the landfill pond 
or No Name Gulch. The LCB prevents exterior and interior flows from mixing. 

The model shows that water in the landfill waste material is derived mostly from 
direct recharge of precipitation over the waste material (greater than 90 percent), 
rather than lateral or vertical groundwater inflow. 

, 

Seep flow at SW097 is most sensitive to the hydraulic conductivity of the waste 
material and other unconsolidated material, the hydraulic conductivity of the LD 
drainage material, and the hydraulic conductivity of the weathered bedrock. 
Modeling results show subsurface water in the footprint of the landfill system, 
upgradient of the seep, discharging to the seep or pond, regardless of whether the 
Landfill Trench System is functional. 

In a hypothetical scenario where additional cover material and fully developed 
vegetation are assumed, modeled seep flow is reduced by approximately 10 percent 
compared to the baseline scenario @e., current landfill configuration and WY2000 
climate). In a comparably wet year, seep flow increased by approximately 10 
percent, while mean modeled groundwater elevations in the landfill increased by 0.1 
m. 

In another hypothetical scenario where recharge within the LCB and slurry walls is 
reduced by approximately 90 percent, modeled seep flow is reduced by 
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approximately 25 percent over a 2.5-year period. This is mostly from a decrease in 
saturated zone storage. Lateral subsurface flow into the landfill area is still small but 
increases as a result of increased gradients across the landfill trench. Mean modeled 
groundwater elevations in the landfill decreased by 0.5 m. 
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Figure 7-10. Modeled Horizontal Flow Layer 3 (1994) 
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Figure 7-20. Total Annual Numerical Error (1994) 
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Figure 8-3. Reduced Recharge Modeled Horizontal Flow Layer 2 



Table 3-1. Saturated Hydraulic Conductivity Values 

Notes 
1. Hydraulic conductivity values are posted in cmlsec 
2. Value for silly sand from Freeze and Cherry (1979) 
3. Range of values presented for Municipal Solid Waste (Qian, 2002) 
4. Range for gravels from Freeze and Cherry (1979) 

KaKlss(w) = Undifferentiated AraphoelLaramie weathered bedrock sandstones other than Araphoe No. 1 sandstones 
KaKlslt(w) = Undifferentiated ArapahoelLaramie weathered bedrock siltstones 
KaKlclst(w) = Undifferentiated ArapahoelLaramie weathered bedrock claystones 
Qvf = Quaternary valley-fill alluvium 
Qrf = Quaternary Rocky Flats Alluvium 
Qc = Quaternary colluvium 
KaKlss(u) = Undifferentiated ArapahoelLaramie unweathered bedrock sandstones 
KaKlslt(u) = Undifferentiated ArapahoelLaramie unweathered bedrock siltstones 
KaKlclst(u) = Undifferentiated ArapahoelLaramie unweathered bedrock claystones 

Key 

0 



Table 7-1. Calibration Well Residuals 

Notes: 
Average values for wells 72093 and 72393 were adjusted to account for surface change during 1994 



Table 7-2. Validation Well Residuals 





Table 7-4. Model Sensitivity Results 

Parameter 
Vaste saturated KhlKv (mlsec) 

~ 

.eachate Collection System (LCRS) KhlKv (mlsec) 

;W Intercept system (GWIS) leakance values (llsec) 

.andfill clay barrier slurry wall leakance (llsec) 

mdfill slurry wall leakance (llsec) 
Eombine with dam slurry wall) 
am slurry wall leakance (Ilsec) 

:h external soils (layeys 1 &2) (mlsec) 

:hlKv underlying weathered bedrock (mlsec) 

Vaste unsaturated Kh (mlsec) 

nsaturated Parameters of waste (available porosity) 

:hlKv underlying unweathered bedrock (mlsec) 

:h underlying waste (layer 2) (mlsec) 
andfill Pond Set to 1994 rnaxlmin levels (m) 

lode1 "What - if ' scenarios 

lo GWIS 

lo landfill Clay Barrrier 

iWIS drains to end of perforated pipe 

lo landfill trench system components 

tndfill lhigh I 1.00E-04 I I 

I 1.00E-12 
indfill and east lhigh I 1.00E-08 

indfill and east lhigh 
]low 1 1.00~-12 I n/a. 1 n/a I I 

111 model lhigh I I 
I low I 0.1 x I 

indfill and east high 6.00E-07 
low 6.00E-09 - 

indfill high 1.00E-04 nla 
llow I 1.00E-06 I I I I  

indfill lhigh I I I  

I I I I I 1  I 

1 I I 
I I I  I 

lndfill nla 

lndfill , 7.7 --&'It * n/a 
I 

ndfill nla 

ill model nla nla 

Notes: 
nla - not applicable 
green is a 10% or greater increase in flow rates or an increase in average heads of 0.1 m or greater 
blue is a change of less than 10% in flow rates or 0.1 m in average heads 
yellow is a 10% or greater decrease in flow rates or a drop in average heads of 0.1 m or greater 
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EXECUTIVE SUMMARY 
Surface water and groundwater quality at the Present Landfill, located within the Rocky Flats 
Environmental Technology Site (RFETS or Site), has been summarized and evaluated in support of the 
Interim Measurehterim Remedial Action (IM/IRA) Decision Document for the Present Landfill. The 
evaluation has lead to the following conclusions: 

0 

2. 

3. 

High concentrations of some major anions in unconsolidated material and bedrock groundwater 
downgradient of the East Landfill Pond dam appears unrelated to releases from the landfill; other 
constituents released to groundwater by the landfill appear in this downgradient groundwater but at 
lower concentrations indicating attenuation is occurring during transport. The dam appears to 
contribute to this attenuation, and these observations are consistent with the local groundwater flow 
regime. Therefore, groundwater quality in the unconsolidated material beneath the landfill was further 
evaluated by examining data for wells at the toe of the landfill and immediately upgradient of this 
location. 

Groundwater quality in the unconsolidated material beneath the landfill was compared to the Rocky 
Flats Cleanup Agreement (RFCA) Attachment 5 Surface Water Standards and Action Levels (ALs) as 
a first measure in the evaluation of groundwater contamination and its potential for impacting surface 
water quality. Although arsenic concentrations were above the surface water ALs, the concentrations 
were very low and fluctuated about the Attachment 5 Tier I1 groundwater AL of 0.05 mg/l. Also, 
arsenic concentrations did not exceed the surface water AL in the seep that discharges from the eastern 
face of the landfill. Uranium-233,234 and uranium-238 concentrations were above the surface water 
AL of 10 pCi/g (sum of the isotopes) in well 786; however, the concentrations were below Site 
background levels and the uranium isotopic ratio suggest the uranium is natural. Although gross beta 
concentrations exceeded the surface water standard in well 72293, the levels were still below 
background, and compliance with surface water ALs was achieved for all Site-specific radionuclides. 
Also, gross beta and uranium concentrations meet the surface water ALs in the seep discharge. 

With the exception of barium and zinc, organic and inorganic compounds as well as radionuclides 
were at or below the surface water ALs in the seep that discharges from the landfill. Barium and zinc 
were present at SW00196 at concentrations just above their respective surface water ALs; however the 
concentrations were below Site background for seeps. Also, the barium and zinc concentrations were 
below the RFCA Preliminary Remediation Goals, and downgradient surface water quality at station 
GS03 (the Site boundary point of compliance for surface water quality) meets the surface water ALs 
for these metals. Benzene concentrations continue to fluctuate about the surface water AL, which is 
expected from a measurement sensitivity perspective because the benzene surface water AL (0.0012 
mg/l) is near the PQL (0.001 mg/l). Accordingly, the current seep treatment system does not appear to 
be necessary to meet surface water ALs. 
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1. INTRODUCTION 
Surface water and groundwater quality at the Present Landfill, located within the Rocky Flats 
Environmental Technology Site (RFETS or Site), has been summarized and evaluated in support of the 
Interim Measurennterim Remedial Action (IMARA) Decision Document for the Present Landfill. 
Specifically, the objectives of this assessment are three fold: 

1. 

2. 

Evaluate downgradient groundwater quality relative to surface water ALs as a first measure in the 
evaluation of groundwater contamination and its potential for impacting surface water quality. 
Determine if the quality of the leachate-contaminated groundwater seeping from the landfill is 
compliant with surface water ALs. The water quality of the seepage is to be evaluated to determine if 
the current passive aeration treatment system should continue to be operated. 

2. BACKGROUND 
A number of studies have been undertaken to characterize the hydrogeology and water quality at the 
Present Landfill. Also, upgradient and downgradient water quality is routinely monitored and evaluated at 
the landfill in accordance with the Site Integrated Monitoring Plan (IMP). The findings from these studies 
are summarized in the IM/IRA Decision Document. With respect to the IMP monitoring, the IMP data 
evaluation indicates significant differences in upgradient and downgradient groundwater quality with 
respect to sulfate, TDS, calcium, copper, lithium, magnesium, molybdenum, selenium, vanadium, uranium- 
2331234, uranium-235, and uranium-238. Downgradient groundwater quality is measured downgradient of 
the East Landfill Pond dam. The increase in metals and major cations and anions in downgradient 
groundwater, particularly in the shallow bedrock, has been attributed to a secondary contaminant source or 
'to other natural processes involving evapotranspiration, upwelling of deep bedrock groundwater, and 
mineralization along the groundwater flow path. These conjectures have been offered because the water 
quality in the unconsolidated material beneath the landfill does not suggest landfill leachate is the source 
for these apparent impacts to groundwater quality downgradient of the East Landfill Pond dam. 

A seep exists at the toe of the landfill. A seep interception and treatment system was constructed in 1996 
and modified in 1998 to remove volatile organic compounds (VOCs) from the water. The modification 
was a change from granular activated carbon treatment to passive aeration treatment. The organic 
contaminant levels in the seep water are low, often below the Practical Quantitation Limits (PQLs), Le., 
non-detected. 

3. APPROACH 
Previous studies and monitoring have indicated that the increase in dissolved solids downgradient of the 
East Landfill Pond dam may be unrelated to a release of leachate. Accordingly, the approach to the 
groundwater quality assessment was to first portray this geochemical condition in the area in an effort to 
better understand the condition, and second, to examine the groundwater quality data for wells in 
unconsolidated material within and immediately downgradient of the landfill as an alternative method to 
assess impacts to groundwater from release of landfill leachate. Lastly, the seep water quality data at the 
landfill was evaluated to determine compliance with the RFCA surface water ALs. 

In this assessment, groundwater water quality within the unconsolidated material within the landfill was 
compared to surface water ALs as a first measure in evaluating the potential for impacts to surface water 
quality, recognizing that evaluating groundwater concentrations to surface water standards is not required 
under RFCA. Groundwater quality is also compared to Attachment 5 Tier I1 groundwater ALs as another 
benchmark to evaluate the impact of leachate release to groundwater. 

Appendix A presents concentration data for all detections of organic, inorganic, and radiochemical 
constituents in unconsolidated material groundwater within and near the landfill seep. Appendix B 
provides this type of data for surface water at the landfill seep. Appendix C provides concentration time- 
series plots for those constituents in the unconsolidated material groundwater where the surface water 

4 



Water Quality Assessment for the Resent Landfill August 2003 

standard was exceeded. Appendix D provides the concentration time-series graphs for surface water at the 
seep. 

4. REVIEW OF UNCONSOLIDATED MATERIAL AND UHSU 
BEDROCK GROUNDWATER CHEMISTRY . 

Within the landfill wastes, groundwater flows locally towards the leachate collection system (outwards) 
and then to the former western pond location, where it then flows eastward towards the landfill seep area 
and discharges to the surface. It appears that most, if not all, saturated zone groundwater within the UHSU 
and waste material upgradient of the seep are discharged to the surface at this location. Outside the landfill, 
groundwater flow directions closely mimic surface topography and the weathered bedrock surface, with 
flow being directed toward the centerline of the No Name Gulch drainage. Accordingly, groundwater 
quality along (or near) the centerline of the 1andfilYdrainage is most likely to be impacted by the landfill. 
Wells that have been selected for water quality review from upgradient to downgradient (see Figure 1) are: 

t 

+ Unconsolidated Materials* - 70393,72393,72293,786,4087,52894 
+ UHSU Bedrock - 70493, B206789, B206889, B206989 

* Two welis have been omitted from this analysis. There is no data for well 30700, and only one sample 
has been collected from well 30600 for organic analysis. [There were no organic compounds detected 
above the surface water ALs in this well]. 

Sulfate, nitrate, and chloride have been chosen as indicators of the changes to the inorganic chemistry of 
groundwater from upgradient to downgradient locations at the landfill. These constituents are mobile and 
the solids formed with sodium, magnesium, and calcium have high solubilities. 

As shown in Figures 2 and 3, sulfate concentrations in both unconsolidated material and shallow (Upper 
Hydrostratigraphic Unit IZJHSU]) bedrock groundwater increase in the downgradient direction. [The figure 
legends show the wells in an upgradient to downgradient order.] Upgradient sulfate concentrations are 
very low in both unconsolidated material and UHSU bedrock groundwater, with concentrations less than 50 
mg/l. In the unconsolidated material directly beneath the landfill (wells 72393 and 72293), sulfate 
concentrations are also similar to upgradient conditions. However, in the vicinity of the landfill pond, 
sulfate concentrations increase significantly in both unconsolidated material and UHSU bedrock 
groundwater. Downgradient of the landfill dam, the sulfate concentrations again significantly increase and 
are as high as 500 mg/l in unconsolidated material well 4087, and 3000 mg/l in UHSU bedrock well 
B206989. 

The distribution of nitrate concentrations is similar to sulfate (Figure 4 and 5) with a few notable 
differences. In unconsolidated material groundwater, the highest concentrations of nitrate are upgradient 
and the lowest concentrations are within the landfill. Nitrate concentrations are slightly elevated (relative 
to those in the landfill) downgradient of the landfill and landfill dam but are generally less than 1 mg/l (the 
surface water standard is 10 m g ) .  In the UHSU bedrock groundwater, upgradient nitrate concentrations 
are very low, increase slightly immediately downgradient of the landfill, and increase significantly 
downgradient of the landfill dam, with the highest concentrations observed in well B206889 (in excess of 
100 mg/l). 

a 

As shown in Figure 6 and 7, the pattern of an increasing concentration downgradient of the landfill is not as 
pronounced for chloride as it is for sulfate and nitrate'in the UHSU bedrock groundwater, and the pattern of 
an increasing concentration downgradient of the landfill is not observed in the unconsolidated materia1 
groundwater. In the unconsolidated material groundwater, chloride appears to increase in a downgradient 
direction within the landfill, with the highest concentrations observed at well 786 just downgradient of the 
landfill. Concentrations of chloride in unconsolidated material groundwater are lower downgradient of the 
East Landfill Pond dam. 
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Chemcial Oxidation Demand (COD) concentrations were also examined as another potential indicator 
parameter of impacts to groundwater by the landfill. COD is a measure of dissolved organics. As shown in 
Figure 8, COD concentrations are significantly higher in the unconsolidated material groundwater within 
the landfill than they are upgradient and downgradient. Concentrations of COD in UHSU bedrock 
groundwater increase in a downgradient direction but the highest concentrations are only 10% of the 
concentrations in the unconsolidated material groundwater beneath the landfill (Figure 9). 

The above cited time-series plots (Figures 2 through 9) indicate the groundwater chemistry at the selected 
wells has been relatively static, Le. there are no significant trends over time. With respect to chloride and 
COD, the data appears to indicate that the landfill releases these constituents to unconsolidated material 
groundwater and to a lesser extent UHSU bedrock groundwater. In the unconsolidated material 
groundwater, the concentrations attenuate downgradient, and the dam appears to contribute to this 
attenuation. Unlike chloride and COD, sulfate and nitrate concentrations in the unconsolidated material 
groundwater within the landfill are very low and similar to or lower than upgradient conditions. The high 
concentrations of nitrate in UHSU bedrock groundwater and sulfate in both unconsolidated material and 
UHSU bedrock groundwater downgradient of the dam strongly suggest the increase in these constituents is 
unrelated to the landfill. 

These observations are consistent with the groundwater flow modeling results that indicate most of the flow 
in unconsolidated material and UHSU groundwater downgradient of the dam originates from the north and 
south, and not fiom the landfill (west). This explains attenuation of constituents released from the landfill, 
and increases in concentrations of other constituents unreleated to releases from the landfill. Accordingly, 
as an alternative to using data from wells downgradient of the dam for assessing impacts to groundwater 
fiom the landfill, existing data for wells at the seep or immediately upgradient of the seep was examined 
(see Section 5) .  

0 

5. ASSESSMENT OF IMPACTS TO GROUNDWATER QUALITY IN 
UNCONSOLIDATED MATERIAL WITHIN THE PRESENT 
LAN DFI LL 

0 
Two wells upgradient of the pond that are located near the seep and are completed in unconsolidated 
material have been chosen for a detailed assessment of potential impacts to groundwater from release of 
leachate from the landfill; well 786 at the seep, and well 72293 immediately upgradient of the seep. Both 
wells are strategically located to intercept any contamination that may be entering the groundwater system 
within the landfill. 

5.1 Organics 
As shown in the Appendix A summary table, benzene, bis(2-ethylhexyl)phthalate, chloroethane, 
naphthalene, trichloroethene, and vinyl chloride exceeded the surface water ALs in unconsolidated material 
groundwater. However, as shown in the Figures in Appendix C (Figures C-1 - C-4), concentrations were 
either 1) decreasing over time (benzene and chloroethane in well 72293), or 2) rarely detected or not 
detected (benzene and choroethane in well 786, naphthalene and vinyl chloride in wells 786 and 72293). 
[Bis(2-ethyIhexyl)phthalate and trichloroethene concentrations were not plotted because there was only one 
detection for each compound, and the concentrations were just above their respective surface water ALs]. 
The last several measurements of benzene and chloroethane in well 72293 were below their respective 
surface water ALs. In summary, organic compound concentrations in unconsolidated material groundwater 
were either decreasing, and thus the quality was improving, or were already at or below the surface water 
ALs. 

. 

5.2 lnorganics 
As shown in the Appendix A summary table, aluminum, arsenic, barium, lead, nickel, and sulfide exceeded 
the surface water ALs in unconsolidated material groundwater. As shown in Figures C-5 through C-9, with 
the exception of arsenic, concentrations of these metals were decreasing. [Nickel concentrations were not 0 
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1999 
2000 . 

plotted because nickel only exceeded the AL in well 786, and it represents the only detection of nickel in 
that well.] Although arsenic concentrations were not decreasing, the concentrations were very low and 
fluctuated about the Tier I1 groundwater AL of 0.05 mg/l (Figure C-6). Also, arsenic concentrations do not 
exceed the surface water AL in the seep water (see Appendix B) or in surface water at station GS03 
(Walnut Creek at Indiana Street) (see below). GS03 is the Site boundary point of compliance for assessing 
surface water quality impacts from Site operations. 

I 

0 10.003 0.002 ' 

0.001 10.002 0.001 

Arsenic Concentrations at GS03 (mgA)* 
[Year lMin IMax lAve 1 

200 1 
2002 

0 10.002 ~0.0.01 
Incomplete 

'*Data colledted by the City of Broomfield 

In summary, with the exception of arsenic, inorganic constituent concentrations in unconsolidated material 
groundwater were either decreasing, and thus the quality was improving, or were already at or below the 
surface water ALs. Although arsenic concentrations are above the surface water AL, they are near the Tier 
I1 groundwater AL, and arsenic levels are below the AL in the seep and at the Site boundary surface water 
point of compliance. 

5.3 Radionuclides 
As shown in the Appendix A summary table, gross alpha, gross beta, tritium, uranium-233,234 and 

'uranium-238 in unconsolidated material groundwater exceeded the surface water ALs. Examination of 
Figures C-10 through C-14 reveals the following: gross alpha concentrations were decreasing in well 786 
and were below the surface water AL in well 72293; gross beta concentrations were decreasing in well 786 
but were approximately two times the surface water AL in well 72293; tritium concentrations were below 
the surface water AL in well 786, and generally below the surface water AL in well 72293; and uranium- 
233,234 and uranium-238 concentrations were above the surface water AL of 10 pCi/g (sum of the 
isotopes) in well 786 but below the AL in well 72293. Although the gross beta concentrations exceeded the 
surface water AL in well 72293, concentrations were below Site background (132 pCi/g)' and compliance 
with surface water ALs was achieved for the specific radionuclides. With respect to uranium-233,234 and 
uranium-238, concentrations were also below Site background (U-233,234 - 93 pCi/l); U-238 - 66 pCi/l) 
and the isotopic ratios were approximately 1 which suggests the uranium is natural. Also, gross beta and 
uranium concentrations meet the surface water ALs in the seep discharge (see Section 6). Therefore, the 
unconsolidated material groundwater quality data indicate that radionuclide concentrations are at or near 
surface water ALs or are otherwise below background concentrations; and in the latter case, have no 
apparent impact on seep water quality. 

6. ASSESSMENT OF LANDFILL SEEP WATER QUALITY 
Water discharges fiom the east face of the landfill upgradient of the East Landfill Pond and has been 
monitored at surface water station SW097. A passive aeration treatment system is in place to remove 
volatile organic compounds (VOCs) present in the seepage. Samples were collected from SW097 through 
1995, and then discontinued with the start of sampling of the treatment system surface water stations. The 
influent, system midpoint, and effluent at the treatment system are monitored at surface water stations 
SW00396, SW00296, and SW00196, respectively. 

6.1 Organics 
As shown in the Appendix B summary table, there are many organic compounds that have been detected in 
the seep water. However, only benzene, bis(2-ethylhexyl)phthalate, chloroethane, methylene chloride, 
naphthalene, tetrachloroethene, trichloroethene, and vinyl chloride exceeded the surface water ALs. 

I Background levels for streams, seeps, and the Upper Hydrostratigraphic Unit groundwater are the mean plus two standard deviations 
of the Site background concentrations as reported in the Background Geochemical Characterization Report (DOE 1993). 
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Sample Date 
61 1 8/02 
12/5/02 
1/7/03 
2/6/03 
3/12/03 

At stations SW00196, SW00296, and SW00396, benzene concentrations fluctuate about the surface water 
AL, and the more recent data for chloroethane, methylene chloride, naphthalene, and vinyl chloride 
indicate concentrations are below the surface water ALs (see Figure D-1, and Figures D-3 through D-6). 
Data collected over the past year at SWOO196 indicate that the concentrations of these latter compounds 
continue to be below their respective surface water ALs (data resides in the soil water database (SWD)). 
Although chloroethane, methylene chloride and vinyl chloride concentrations have been higher at SW097, 
the more recent data for the treatment system monitoring stations is more representative of the current 
condition. 

0 

Concentrations 
0.00094 
0.0016 
0.0013 
0.00 1 
0.0012 

With respect to benzene, because the benzene surface'water spndard (0.0012 mgll) is near the PQL (0.001 
mgll), the random fluctuations of the concentrations about the surface water AL is to be expected ftom a 
measurement sensitivity perspective. As shown below, the data for this past year at SW00196 indicate that 
the concentrations continue to fluctuate about the surface water AL. 

With respect to bis(2-ethylhexyl)phthalate, this compound was below the surface water AL at SW097 and 
SW00296, and near or below the surface water AL at SW00396 (see Figure D-2). Except for two apparent 
outliers (relative to all the other data for these stations), the concentrations of bis(2-ethylhexy1)phthalate 
were also at or below the surface water AL at SW00196. The two data points are considered outliers 
because the relatively high concentrations were not observed in the influent to the treatement system 
(SW00396). The last three measurements at station SW00196 were below the AL. 

0 

Tetrachloroethene and trichloroethene concentrations were not plotted because there was only one 
exceedance of the surface water ALs for each compound, and each exceedance was at SW097 and was just 
above the ALs (see Appendix B). The data for these compounds at the treatment system stations 
(SWOO196, SW00296, and SW00396) indicate that concentrations are below their respective surface water 
ALs. 

In summary, the organic compound data for the treatgent system stations indicates that organic detections 
are at low concentrations that are near or below the surface water ALs. 

6.2 lnorganics 
As shown in the Appendix B summary table, aluminum, antimony, barium, beryllium, cadmium, copper, 
lead, mercury, silver, and zinc exceeded the surface water ALs in the seep water, primarily at SW097 (see 
Figures D-7 through D-16). However, with the exception of barium and zinc, all of these metals were at 
concentrations (with rare exceptions) that were below the surface water ALs at SWOO196, which represent 
the most recent data for all of the surface water stations in the vicinity of the seep. It is likely that the lower 
concentrations of metals observed at SWOO196 relative to SW097 is a result of the sampling technique that 
was used at this station. MAN-121-OU7, Sampling andAnalysis Plan for OU7 Passive Aeration System, 
presents a sampling technique that is designed to limit the amount of suspended solids in the sample. The 
sampling technique was established because of the high concentrations of suspended solids in the water, 
which is largely due to the obvious iron precipitation that is occurring (red suspended material and staining 
of the local rock). 
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Year 
1999 
2000 
200 1 

August 2003 

Barium Zinc 
Min Max Ave Min Max Ave 
0.049 0.120 0.078 0.005 0.096 0.023 
0.022 0.095 0.060 <0.0003 0.020 0.006 
0.016 0.094 0.057 0 0.029 0.012 

Barium and zinc were present at SWOO196 at concentrations just above their respective surface water ALs 
(Figures D-9 and D-16). Barium was detected at concentrations between 0.5 and 1 mg/l. Although the 
surface water standard is 0.49 mg/l, these concentrations are below the Preliminary Remediation Goal 
(PRG)2 of 2.56 mg/l and below the Safe Drinking Water Act Maximum Contaminant Level (MCL) of 2 
mg/l. The concentrations are also below Site background (4.3 mg/l). Zinc was detected at concentrations 
above the surface water standard (0.183 mg/l) in the range of 0.189 and 0.287 mgA; however, these 
concentrations are well below the PRG of 11 mg/l (there is no MCL for zinc) and below Site background 
(1.06 mgA) Also, as shown below, downgradient surface water quality at station GS03 (the Site boundary 
point of compliance) meets the barium and zinc surface water ALs. 

12002 IIncomplete I 
*Data collected by the City of Broomfield 

In summary, with the exception of barium and zinc, the treatment system surface water quality data 
indicate that the inorganic constituents are in compliance with the surface water ALs. However, barium and 
zinc are below their respective PRGs and Site background concentrations at the seep, and are below their 
respective ALs at the Site boundary surface water point of compliance. 

6.3 Radionuclides 
Gross alpha, gross beta, plutonium-239, radium-226, radium-228, and tritium were detected at least once 
above the ALs at SW097(see the Appendix B table). However, in all cases, the concentration time series 
presented in Appendix D (Figures D-17 through D-22) show that the most recent concentrations of these 
radionuclides at this station were below the surface water ALs. Also, the concentrations of radionuclides 
are below the surface water ALs at SW00196, which reflects the most recent data for the seep. Therefore, it 
is concluded that radionuclide concentrations at the seep are in compliance with the surface water ALs. 

7. REFERENCES 
DOE 1993, Background Geochemical Characterization Report, Golden, CO, September. 

e 'Appendix N of RFCA Appendix 3, the Implementation Guidance Document 
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Figure 2 
Sulfate Concentrations In Unconsolidated Material Groundwater 
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Figure 5 
Nitrate Concentrations in UHSU Bedrock Groundwater 
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Figure 8 
COD Concentrations In Unconsolidated Material Groundwater . 
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Figure C-4 
Vinyl Chloride Concentrations in Unconsolidated Material Groundwater Near the Seep 
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Figure C-8 
Lead Concentrations In Unconsolidated Material Groundwater Near the Seep 
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Figure C-10 
Gross Alpha in Unconsolidated Material Groundwater Near the Seep 
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Flgure C-12 
Tritium In Unconsolldated Material Groundwater Near the Seep 
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Figure C-13 
Uranium 233/234 in Unconsolidated Material Groundwater Near the Seep 
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SURFACE WATER QUALITY TIR/IE SERIES PLOTS 
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Figure D-2 
Bis(2-ethyhexy1)phthalate in Surface Water 
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Figure D-3 
Chloroethane in Surface Water 
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Figure D-4 
Methylene Chloride In Surface Water 
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Figure D-5 
Naphthalene In Surface Water 
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Figure D-6 
Vinyl Chloride in Surface Water 
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Figure D-7 
Aluminum in Surface Water 
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Figure D-8 
Antimony in Surface Water 
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Figure D-10 
Beryllium in Surface Water 
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Figure D-14 
Mercury in Surface Water 
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Figure D-16 
Zinc in Surface Water 
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Figure D-17 
Gross Alpha in Surface Water 
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Figure D-20 
Radium 226 in Surface Water 
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Figure D-21 
Radium 228 in Surface Water 
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Figure D-22 
Tritium in Surface Water 
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I I IBarium 152.00 I 141.26 I 26400.00 - I 

Preliminary Review Draft for  Interagency DiscussiodNot Issued for Public Comment 
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370 1593 2084400.00 

Preliminary Review Draft for Interagency DiscussiodNot Issued for Public Comment 
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.OO 

Appendix D 
Surface Soil Analytical Data 

Present I ,and f i l l  

Barium 189.00 m a g  1 S O  141.26 26400.00 - 

Nickel 17.10 mg/kg 2.50 14.91 20400.00 - 
Selenium 1.30 m a g  0.25 1.22 51 10.00 - 
Silver 1.10 mg/kg 0.72 NA 51 10.00 - 
Molvbdenum 2.40 mdke 1 S O  NA 5110.00 - 

- 26400.00 Barium 207.00 m a g  1.50 141.26 

I IBarium I 225.00 I mdke I 0.58 I 141.26 I 26400.00 ' I - 

SS702493 2084240.00 752699.00 
SS702593 2084240.00 752748.00 

SS702393 

- 26400.00 Barium 159.00 mg/kg 1 S O  141.26 
Silver 1 .oo mg/kg 0.70 NA 5 1 10.00 - 
Barium 244.00 mg/kg 0.53 141.26 26400.00 - 
Molybdenum 2.10 mg/kg 1 S O  NA 5 1 10.00 - 

Barium 157.00 mg/kg 0.46 141.26 26400.00 - 
- Tin 3.90 m a g  3.80 NA 613000.00 

26400.00 Barium 175.00 mdke 1 S O  141.26 - 

2084290.00 

SS702893 2084 180.00 752846.00 
SS702993 2084190.00 752798.00 

752700 

- 40900.00 
5 1 10.00 

Copper 19.10 mg/kg 0.63 18.06 
Molybdenum 3.10 mg/kg 1.60 NA - 
Molybdenum 4.10 mg/kg 1.70 NA 51 10.00 - 
Barium 170.00 mg/kg 0.49 141.26 26400.00 - 
Barium 150.00 mgn<g 1.70 141.26 26400.00 - 
Selenium 2.10 mg/kg 0.25 1.22 - 5 1 10.00 

51 10.00 - Silver 1.30 mg/kg 0.6 1 NA 

IBarium ~ I 346.00 I mdke 1 0.56 I 141.26 1 26400.00 I - I 

Preliminary Review Draft for  Interagency DiscussiodNot Issued for Public Comment 
D-10 



Measure/Interim Remedial Action Present Landfill 

S703 193 2084 190.00 752700.00 

Appendix D 
Surface Soil Analytical Data 

Present Landfill 

Iron 18800.00 m a g  1.70 18037.00 307000.00 - 
Nickel 19.00 m a g  2.40 14.91 20400.00 - 

- 5 110.00 Silver 1.40 m a g  0.67 NA 
Vanadium 5 1.80 m a g  0.85 45.59 7 150.00 292.00 
Molybdenum 2.70 m a g  1.30 NA . 5 110.00 - 
Barium 222.00 m a g  0.43 141.26 26400.00 - 
Barium 305.00 mdke 1.30 141.26 26400.00 - 

S703293 2084 140.00 752701.00 
S703393 2084140.00 75275 1.00 

S703493 2084 130.00 752800.00 

S703593 2084090.00 752803.00 

Barium 377.00 m a g  0.50 14 1.26 26400.00 - 
Barium 172.00 m a g  0.47 14 1.26 26400.00 - 
Silver 0.84 m a g  0.58 NA 51 10.00 - 
Barium 228.00 m a g  0.5 1 14 1.26 26400.00 - 
Nickel 15.60 m a g  4.70 14.91 20400.00 - 
Silver 1.20 m a g  0.63 NA 5110.00 - 
Molvbdenum 2.60 mdke 1.30 NA 5 110.00 - 

I Silver I 0.81 I mdke I 0.68 I NA I 5110.00 I - I 

Preliminary Review Draft for  Interagency DiscussiodNot Issued for  Public Comment 

I D-11 
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S703793 2084090.00 

Barium 172.00 141.26 I 26400.00 - I I I 
Silver 0.97 NA I 5110.00 - 

Preliminary Review Draft for Interagency DiscussiodNot Issued for  Public Comment 
D-12 
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S705493 2083980.00 75295 

Preliminary Review Draft for Interagency DiscussiodNot Issued for Public Comment 
D-13 
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Surface Soil Analytical Data 

Present 1,andfill - - - - - - - - __ - - - __- 

LOCATION1 EASTING I NORTHING I ANALYTE I RESULT I UNITS I MDL I BG+2SD I WRW AL I ECOAL 

Preliminary Review Draft for Interagency DiscussiodNot Issued for  Public Comment 
D-14 
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Preliminary Review Draft for Interagency DiscussiodNot Issued for  Public Comment 
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Appendix D 
Surface Soil Analytical Data 
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Preliminary Review Draft for  Interagency DiscussiodNot Issued for Public Comment 
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Preliminary Review Draft for  Interagency DiscussiodNot Issued for  Public Comment 
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Preliminary Review Draft for Interagency DiscussiordNot Issued for  Public Comment 
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iS7 12293 2085030.00 

S7 12393 2085060.00 

S7 12993 2082640.00 752206.00 Copper 18.70 mg/kg 18.06 40900.00 - I 
Copper 18.10 mg/kg I 0.68 I 18.06 40900.00 - I 

Preliminary Review Draft for Interagency DiscussiodNot Issued for Public Comment 
D-2 1 
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S7 13693 20826 10.00 

S713793 2082590.00 

Preliminary Review Draft for Interagency DiscussiodNot Issued for  Public Comment 
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S7 16693 2082630.00 

Preliminary Review Draft for Interagency DiscussiodNot Issued for Public Comment 
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I M A M  and Closure Plan for the Present Landfill 
II 

Final - @ ust 13,2003 

Appendix E - Applicable or Relevant and Appropriate Requirements 
1 -  Requirement '1 Citation ' I Type I Comment 

CLEAN AIR ACT (CAA), 42 USC 7401 el seq. 

COLORADO AIR QUALITY CONTROL 
COMMISSION (CAQCC) REGULATIONS 

Emission Control Regulations for Particulates, 
Smokes, Carbon Monoxide, and Sulfur Oxides 

> Smoke and Opacity 

k Fugitive Particulate Emissions 

. Construction Activities 

Haul Roads 
Haul Trucks 

Storage and Handling of Material 

Air Pollutant Emission Notices (APEN), 
Construction Permits and Fees, Operating Permits, 
and Including the Prevention of Significant 
Deterioration 

> APEN Requirements 

> Construction Permits, Including Regulations 
for the Prevention of Significant Deterioration 
(PDS) 

Construction Permits 

5 CCR 1001 
(40 CFR 52, SUBPART 
G) 

5 CCR 1001-3 
(CAQCC Reg. No. 1) 

Section 1I.A. 1 

Section 1II.D 

I1IeD.2(b) 
III.D.2(c) 
III.D.2(e) 
III.D.2(f) 

(CAQCC Reg. No. 3) 
5 CCR 1001-5 

Part A, Section I1 

Part B 

Section I11 

Air pollutant emissions from stationary sources (e.g., fuel-fired pumps, generators, and 
compressors, process ventdstacks) shall not exceed 20% opacity. 

Technologically feasible and economically reasonable control measures and operating 
procedures will be employed to reduce, prevent, and control particulate emissions. 

An APEN shall be filed with CDPHE prior to construction, modification, or alteration 
of, or allowing emissions of air pollutants from, any activity. Certain activities are 
exempted from APEN requirements per specific exemptions listed in the regulation. 
Construction permits are not required for CERCLA activities; however, substantive 
requirements that would normally be associated with construction permits will apply. 

Construction permits are not required for CERCLA activities; however, substantive 
requirements that would normally be associated with construction permits will apply. 
Also, fuel-fired equipment (e.g., generators, compressors) associated with these 
activities may reauite aermlttinn. 

A - Action-Specific ARAR C- Chemical-Specific ARAR; L - Location-Specific M, TBC - To Ilc Consldcrcd 
I E- 1 



~ .- __-_- - ----- Closure Plan for the Present Landfill 

-. I..---- 

CLEAN AIR ACT (CAA), 42 USC 7401 ef sq. . Non-Attainment Area Requirements 

. Prevention of Significant Deterioriilion 
Requirements 

Emissions of Volatile Organic Compounds (VOCs) 

General Requirements for Storage and Transfer of 
v o c s  
Disposal of VOCs 
Storage and Transfer of Petroleum Liquid 
Control of Hazardous Air Pollutants 

National Emission Standards for Emissions of 
Radionuclides Other Than Radon From 
Department of Energy Facilities 

9 Standard 

9 Emission Monitoring and Test Procedures 

Section 1V.D.2 

Section IV.D.3 

5 CCR 1001-9 
(CAQCC Reg. No. 7) 
Section 1II.B 

Section V 
Section VI 

(CAQCC Reg. No. 8), 
40 CFR 61, Subpart A 

5 CCR 1001-10 

5 CCR 1001-IO 
(CAQCC Reg. No. 8) 
40 CFR 61, Subpart H 

6 1.92 

61.93 

AICL 

A 

A 
A 

C L  

CIA 

Evcii Iliouyh CERCLA tictivities iirc exciript from construction permit requirements, 
noti-aitiiinnicnt area requircincnts inuy apply if emissions of certain pollutants exceed 
certain thrcshold limits. The requirements include emissions reductions or offsets, and 
strict emission control requircments. Although WETS is no longer a non-attainment 
area, this requirement is retained in the event the non-attainment designation changes. 
Even, though CERCLA activities are exempt from construction permit requirements, 
PSD requirements may apply if emissions of certain pollutants exceed certain 
threshold limits. The requirements include strict emission control requirements, 
source impact modeling, and pre-construction and post-construction monitoring. 

Applies to the transfer of VOCs to a tank larger than 56 gallons. In such cases, 
submerged-fill or bottom-fill techniques must be used. 
Prohibits the disposal of VOCs by evaporation or spillage. 
Regulated storage and transfer of petroleum liquids. 
This subpart details the general provisions that apply to sources subject to National 
Emission Standards for Hazardous Air Pollutants (NESHAPs). 

This section establishes a radionuclide emission standard equal to those emissions that 
yield an effective does equivalent (EDE) of 10 mredyear to any member of the 
public. The perimeter samplers in the Radioactive Ambient Air Monitoring Program 
(RAAMP) sampler network are used to verify compliance with the standard. 

This section establishes emission monitoring and testing protocols required to measure 
radionuclide emissions and calculated EDEs. This section also requires that 
radionuclide emissions measurements (Le., stack monitoring) be made at all release 
points that have a potential to discharge radionuclides into the air which could cause 
an EDE to the most impacted member of the public in excess of 1% of the standard 
(i.e., 0.1 mredyear). 

A - Action-Specific ARAR; C- Chemical-Specific ARAR; L - Location-Specific ARAR; TBC - To Be Considered 
E-2 



Requirement Citation Type 

1M/I h and Closure Plan for the Present Landfill a Final - h ust 13,2003 

Comment 

> Compliance and Reporting 61.96 This section requires the Site to perl'oriii riidionuclide air emission assessments of all 
new and modified sources. for soiirccs thnt cxcccd the 0. I mredyear EDE threshold 
(controllcd), the appropriiitc applications for approval must be submitted to EPA and 
CDI'HE. Additional siibstiinlivc rcqiiirciiienls iiiiiy apply if the activity requires 
ngciicy iipprovnl. 

C/L 

- ..-. . -̂----._-----.-.-- 
FEDERAL WATER POLLUTION CONTROL ACT (aka Clean Water Act [CWAI), 3.3 IISC I251 el scq. 

TAKING, POSSESSION, TRANSPORTATION, SALE. 
PURCHASE, BARTER, EXPORTATION, AND 
IMPORTATION OF WILDLIFE AND PLANTS 

NATIONAL POLLUTANT DISCHARGE 
ELIMINATION SYSTEM REGULATION 

50 CFR I O  

r 

POST CLOSURE PERMT 
Scope of the RCRA Permit Requirement 

Storm Water Permit for Construction Activities 40 CFR 122.26 
General Permits 40 CFR 122.28 

6 CCR 1007-3, Part 100 

.10 A 

RCRA Subtitle C Hazardous Waste Landfill 
Effluent Limitations 

I 40 CFR 445. I I 

1\11 I 

All, 
I'iiriiiiiclcrs tliiit will tic monilotctl iirc VOCk iiiitl iiictiils. The effluent limits are the 
siirfiicc Water Stnndartls nppliciihlc Ibr tlic receiving water as listed in RFCA 
Altaclitiiciits. 'I'able I .  

MIGRATORY BIRD TREATY ACT, 16 USC 701 el seq. 

All I'rincipiilly focuses on the biking rind possession of birds protected under this 
rcgulation. Enforcement is predicated on location of the project and time of the year. 
Current list of protected birds is maintained by the Site Ecology group. 

1 I I 

SOLID WASTE DISPOSAL ACT (aka: Resource Conservation and Recovery Act [RCRA]), 42 USC 6901 etseq.; 
SUBTITLE C: HAZARDOUS WASTE MANAGEMENT (Colorado Hazardous Waste Act [CHWA]), CRS 25-15-101 to -217 
Although the Co1,orado hazardous waste manageincnt regulations are similar to the federal requirements, both the federal and state regulatory citations are provided for reference purposes 
and to denote that both federal and state requirements were considered in establishing the identifying the ARAR requirement adopted for the remediation of the RFETS. Only substantive 
portions of the regulations are required under CERCLA actions for onsite activities. 

A - Action-Specific ARAR; C- Chemical-Specific ARAR L - Location-Specific ARAR; TBC -To Be Considered 
I - -  

E-3 



1M/I h and Closure Plan for the Present Landfill 
I 

Requirement Citation Corn arcnt 
-- --._ -I _____-__-_. 

Type 

.,. ,. . .. ~ 

SOLID WASTE DISPOSAL ACT (aka: Resource Conservation rind ltccovery Act [ IN* I4Al) ,  42 lJSC 6901 t!l sei/.; 
SUBTITLE C: HAZARDOUS WASTE MANAGEMENT (Colorrido llazardous Wrlatc Act lC.'I.IWAl), CHS 25-15-101 lo -217 
GENERAL 

Exclusions 
Ci EN ERAL 

-- 0 Purpose, Scope and Applicability 
CLOSURE AND POST-CLOSURE 

0 Closure Performance Standards 

Disposal or Decontamination of Equipment, 
Structures, or Soils 

Post-Closure Care and Use of Property 0 

Closure and Post-Closure Care (Landfills) 

--I_.- 

6CCR 1007-3. I'iltI 261, 
Subpart A (40 CI:R 201. 
Subpart A) 

.4 (a)(2) 

6CCR 1007-3. Part 263, 
Subpart A (40 CFR 265. 
Subpart A) 

. I  (C)(IO) - 
6 CCR 1007-3, Part 
265, Subpart G (40CFR 
265, Subpart G) 
, I  1 1  

.114 

.I 17 

.3 lO(a) 

_--. . . .. . . 

A 

A 

A 

AIC 

AIC 

AIC 

--- 

The owner/operator must close the facility in a manner that (a) minimizes the need for 
further maintenance, and (b) controls, minimizes, or eliminates, to the extent necessary 
to protect human health and the environment, post-closure escape of hazardous waste, 
haza4rdous constituents, leachate, contaminated runoff, or hazardous waste 
decomposition products to the ground or surface waters or to the atmosphere. 

All hazardous wastes and residues of hazardous waste must be disposed or 
decontaminated. 

Human health and the environment must be protected after closure is complete if 
hazardous waste remains at the facility. 

Landfills must be closed with a final cover designed and constructed to ( I )  provide 
long-term minimization of migration.of liquids through the closed landfill; (2) function 
with minimum maintenance; (3) promote drainage and minimize erosion or abrasion 
of the cover; (4) accommodate settling and subsidence so that the cover's integrity is 
maintained; and (5) have a permeability less than or equal to the permeability of any 
bottom liner system or natural subsoils present. 

r 

A - Action-Specific ARAR; C- Chemical-Specific ARAR; L - Location-Specific ARAR; TBC - To Be Considered 
E-4 
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COOPERATION WITH FEDERAL AND STATE 

I 

I Section I I I I A I  

e a Final - August 13.2003 IM/IRA and Closure Plan for the Present Landfill 
I 

Appendix E - Applicable or Relevant and Appropriate Requirements 

I I Requirement I Citation I Type I Comment 

SOLID WASTE DISPOSAL ACT (aka: Resource Conservation and Recovery Act [RCRA]), 42 USC 6901 el seq.; 
SUBTITLE C: HAZARDOUS WASTE MANAGEMENT (Colorado Hazardous Waste Act [CHWA]), CRS 25-15-101 to -217 

.310(b) AAer final closure of a landfill, the owner or operator must comply with all post- 
closure requirements, including maintenance and monitoring throughout the post- 

A/c I closure care period. 

FEDERAL NOXIOUS WEED ACT (Pub.L. 93-629; 7 USC 2814 el seq.) 

MANAGEMENT OF UNDESIRABLE PLANTS ON 
FEDERAL LANDS 

Duties of Federal Agencies 

7 USC 2814 

COLORADO NOXIOUS WEED ACT (CRS 35-5.5-101 e2 seq.) 

A Federal agencies must complete and implement cooperative agreements with State 
agencies regarding the mniingcment ol'undcsiroblc plant species on Federal lands 
under the agency's jurisdiction and cstiihlish integrated management systems to control 
or contain utidesirnblc plunt species tnrgctcd under cooperative agreements. 

DUTY TO MANAGE NOXIOUS WEEDS Section 104 
~ ____ 

I1 in Ihc 11ii1y ol' rill persons lo uno Intcyriitctl iiictlii~ds to inunagc noxious wecds if the 
niiiiir iiic llhcly lo he malerlally diiittii~itip lo tlic liiiitl ol'itcighboririg landowners, and 
11 Is tlic d i i ~ y  of lociil governing hotl1c.u 10 iinsiirc 111111 thcsc plants arc, in fact, managed. 

I'lic lociil govcrniiig hodles In ('oloriitlo iirc iiutliorircd to enter into cooperative 
rigrcritiritls wilh lcdernl iind stale ngcnrlcs lor tlic lnlcgratcd management of noxious 
\vcctlh wllhlii thelr rcspecllve tcrriloriiil Jurlsdicllona. The Jefferson County Noxious 
Wccd Miiiiiigctiieiil Plnn cstal~llnlies tlic coiititywidc strategy for the management, 
contiol. ant1 criiclicallon of iioxloiis wccds iii 11ic Couitty. - - 

A - Action-Specific ARAR; C- Chemical-Specific ARAR; L - Location-Specific ARAR; TBC - To Be Considered 

E-5 



e. 

. 

. . . . . _._. 
~ . .... ~ . . . . . .  ̂  

Present Landfill 

Appendix F Comment Responsiveness Summary 



Draft Interim MeasureAnterim Remedial Action Present Landfill 

Appendix F 
Comment Responsiveness Summary 

U.S. Environmental Protection Agency and Colorado Department of Public Health and Environment Joint Comments 

Cmt. # 

NA 

NA 

NA 

Comment 

The first issue is the regulatory requirement for 
monitoring the discharge associated with the seep and 
surface water management proposed in the draft 
document (please see 40 CFR 445 for applicable 
regulations and monitoring requirements which apply to 
discharges of wastewater from hazardous waste 
landfills). 

Another issue is the necessity of completing your 
groundwater interaction investigation and remedy prior 
to closure implementation to prevent interruption of the 
landfill cover. 

The last issue is a request from the agencies that this and 
all future documents incorporate all issues associated 
with the landfill and related media (including seep 
management, groundwater and surface water interaction 
and the associated monitoring) within one document. 
Please see the attached comments for further claboration 
of these issues. 

Response 

Please see Section 6.5 for a discussion of Present Landfill seep 
md surface water management. See Section 6.5.2.3 for Present 
Landfill seep discharge monitoring details. 

Please see Section 2.5.6 for a discussion of the hydrogeologic 
setting; Section 2.5.7 for a discussion of the conceptual and 
numeric hydrologic flow model; and Section 2.6.3 for a 
discussion of the nature and extent of groundwater 
contamination. 

The reviscd IM/IKA incorporates u l l  issucs associated with the 
landfill ml rclutcd mcdin. 

F- 1 
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a Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
U.S. Environmental Protection Agency (September 11,2002) 

Cmt. ## 

1 

2 

3 .  

Comment 

Section 1 .O, Introduction, Page 2. The last paragraph 
discusses the scope of the I M R A  and indicates that it is 
unknown if the "landfill is impacting the groundwater." 
Because there is a known connection between the 
landfill and the groundwater, decoupling the landfill 
fiom the groundwater will produce an incomplete 
remedial action for the landfill if only the landfill cover 
is addressed. The revised I M R A  should state that 
these analyses indicating groundwater impacts by the 
landfill or to the landfill will be submitted as part of the 
final design and any appropriate measures will be 
performed prior to the construction of the final cover, if 
warranted. This is required in order to prevent any 
disruption of the final cover. 

Section 2.9, Pages 17 and 18. This section discusses the 
nature and extent of contamination. The sixth bullet on 
page 18 lists the data sets available for use in an 
assessment of groundwater. Data from the period 1996 
through 1999 are not listed. This data should be 
included or the document should provide an explanation 
for this data gap. 

Section 3.0, Page 22. This section discusses your 
project approach. Footnote 6 states that "This I M R A  - -  
does not-change the decisions made in the PAM or the 
modifications to the PAM" You also state in the text 
that the leachate collection and treatment system will be 

~~ 

Response 

rhis text has been removed and the revised I M R A  now 
addresses the impact of the landfill on groundwater upgradient, 
within, and immediately downgradient of the Present Landfill. 

Please see Section 2.5.6 for a discussion of the hydrogeologic 
setting; Section 2.5.7 for a discussion of the conceptual and 
numeric hydrologic flow model; and Section 2.6.3 for a 
discussion of the nature and extent of groundwater 
contamination. 

The nature and extent of groundwater contamination has been 
revised, Please see Section 2.6.3. All verified and validated data 
was evaluated to determine the nature and extent of 
contamination, including data from 1996- 1999. 

The proposed action ,is discussed-in section 5.0 of the revised 
I M R A  and includes the passive seep interception and 
treatment system. 
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a Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
U.S. Environmental Protection Agency (September 11,2002) 

Cmt. # 

4 

Comment 

addressed in a separate document. We do not concur 
with this approach. You have proposed a change in the 
configuration of the seep discharge point and now are 
proposing a long-term solution to the seep conditions at 
OU7. We assert that all actions which affect the seep 
management must be included within this IM/IRA. The 
IWRA must be an all inclusive document and address 
all issues within the present landfill. Therefore, the 
revised document must incorporate appropriate plans 
and design for seep management and regulatory 
compliance. 

Section 3.1, Pages 23 to 26. This section discusses 
cover design alternatives. The third paragraph on page 
23 implies that a Subtitle C cover is not appropriate fhr 
use at the Present Landfill. Available published 
information does not support this discussion relative to 
prescriptive Subtitle C covers. This paragraph should 
be revised to state that a Subtitle C cover is the 
prescriptive cover for the sitc and that available 
published information on the performance of Subtitlc C 
covers shows that they will perform adequately if 
constructed at the Present Landfill. 
Because a Subtitle C cover is not a "clay barrier layer," 
the general discussion of "clay barrier layers'' presented 
in the third paragraph on page 23 is meaningless and out 
of context. This general discussion is misleading and 
should be deleted, or its context with respect to the 
performance of a Subtitle C cover should be provided 

Response 

DOT': has rcconsitlered its orlgiiial proposul for im ET cover. A 
RCIU Subtitlc C compliant cover has bccn included as a viable 
cover alternulive for the Present Landfill and has been 
evduutcd with otlicr covcr alternatives (See Section 4 of the 
IM/I RA). 

Design of a gas venting system will be determined during the 
detailed design phase. See Section 5.1. 

f .  
! 
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Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
U.S. Environmental Protection Agency (September 11,2002) 

Cmt. ## 

. 5  

Comment 

with supporting documentation. 

Table 1, Page 24 is titled "Comparison of Design 
Alternatives." The first row, third column indicates that 
recent studies have indicated that conventional Subtitle 
C covers do not remain effective in semi-arid 
environments, such as that found at Rocky Flats. This 
state is inconsistent with published information. The 
language in this table should be changed to be consistent 
with the revised language in footnote 7, page 23. 
The sixth bullet on page 26 states that the gas venting 
layer (if required) will be incorporated into the biota 
barrier layer. The design of the gas venting system and 
the technical feasibility of incorporating a gas venting 
layer into the biota barrier layer are design issues to be 
resolved during detailed design of the cover system. 
This bullet mistakenly implies that the concept, as 
presented, is acceptable. This bullet and Section 3.2.3, 
Page 28, should be revised to clarify that the design of 
the gas venting system has issues to be resolved during 
detailed design. 

~ 

Section 3.2.6, Page 29. This section mentions that the 
passive leachate collection and treatment system will be 
"extended" to the new eastern slope surface. Please 
provide additional details describing this system and 
how it is intended to function to satisfy regulatory 
requirements. 

Response 

--_- 
Please sec Scctions 5.2 nnd 6.5. 



Draft Interim Measure/Interim Remedial Action Present Landfill 

Comment 

Section 5.2.5, Page 41. This section discusses 
inspection and maintenance. Footnote 1 1 indicates that 
the cover will be inspected after precipitation events 
greater that 1 inch in a 24-hour period. Experience at 
Rocky Mountain Arsenal and in the region indicates that 
substantial damage can occur to unvegetated or sparsely 
vegetated soil surfaces during localized precipitation 
events. Therefore, covers should be inspected after 
precipitation events greater than 0.5 inch in a 24-hour 
period. 

Appendix F - Comment Responsiveness Summary 

--.-I 

~ \CB~)Of lM!  
_.___._ ___I_-.I------ -- 

Please scc Scclions 5.0.6.1, and 6.2 for covcr inspcction and 
maintcimcc rcquircmcnls. ‘Tlic f ind inspcction, monitoring, 
and maintcnuncc requirements will be dctuilcd in the 
Moniloring iwcl Muintcnance Plan, 

U.S. Environmental Protection Agency (September 11,2002) 

~ 

Section 7.3, Page 52. This section does not address the 
periodic monitoring and maintenance of the passive 
leachate collection and treatment system. This must be 
included and addressed in thc IM/IRA. 

Cmt. # 

Please see Sections 5.2 and 6.5 for monitoring and maintenance 
of the passive seep interception and treatment system. 

6 

~ 

Section 8.3.2, Page 58 & 59. This section discussed the 

7 

Please see Section 6.5 on requirements for the Present Landfill 8 

requires that any discharge into waters of the U.S. be 
regulated at the discharge point, which in your proposal 
would be at the point it leaves the pipe from the landfill 
(not at the site boundary). This must be clarified in the 
revised IMAM. Also, the analytes to be monitored 
must 1) include those that are required under your 
NPDES permit (page 9 of 49); 2) include all 
analytedeffluent characteristics as set forth in the 
effluent guidelines for hazardous waste landfills, found 
in 40 CFR 445.1 1 ; ‘and 3) be analyzed on a monthly 
basis. These requirements also apply to any other seeps 

r F-5 
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_ _ _ _ ~  ~ 

Comment 

Appendix F - Comment Responsiveness Summary 

Response 

~ ~~ ~ 

U.S. Environmental Protection Agency (September 1 I, 2002) 
Cmt. # 

i 

! 
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Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
Colorado Department of Public Health and Environment (September 11,2002) 
Note: CDPHE submitted two sets of comments: one durlng the Informal document review process. and thc other durlng the formal publlc comment period. Comments that were resolved during the 
informal document review process are not included in this Comment Responsiveness Summary. 

Cmt. # Comment 

Based on data in Appendix A, zinc levels exceed the 
water quality standard by 6 to 18 times, therefore it 
should be a COC. The statement in the response that 
silver is “not supported by current monitoring activities” 
needs to clarify whether silver is not currently sampled 
for or is not detected in samples. 

PCOCs for the seep and surface water are inconsistent. 
For example, Mo and Ni are PCOCs for the seep, but 
are not sampled in surface water; Zn is a COC in surface 
water, but is not sampled at the seep. Future sampling 
programs need to be consistent. 

The environment and landfills are dynamic systems, and 
current conditions should be evaluated using recent data 
rather than data from 1992 studies. The attainment of 
water quality standards for all parameters will have to 
be demonstrated at closure; more current data will be 
needed to make that demonstration. 

Waters in the Landfill Pond and No Name Gulch are 
also waters of the State. The leachate has a listed waste 
code attached to it and the statement that the water 
exiting the treatment system “no longer carries the F039 
listed waste code” is incorrect. There have been 
detections and on occasion exceedances of underlying 
water quality standards, e.g., benzene and vinyl 

Response 

Please see Section 2.6 for an assessment of the nature and 
extent of contamination. 

Please see Section 2.6 for an assessment of the nature and 
extent of contamination. See Sections 6.3,6.5, and 6.6 for a 
discussion of the monitoring requirements for the seep and 
surface water. 

Please see Sections 6.2.2.3.2 and 6.5 for a discussion of the 
water quality parameters that will be monitored for this 
accelerated action. 

Please see Section 6.5 for the ARARs for the leachate and the 
Present Landfill seep. 

The pond sediments will not be disturbed as part of this 
accelerated action. 

F-7 I 
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Appendix F - Comment Responsiveness Summary 
Colorado Department of Public Health and Environment (September 11,2002) 
Note: CDPHE submitted two sets of comments: one during the informal document review process, and the other during the formal public comment period. Comments that were resolved during the 
informal document review process are not included in this Comment Responsiveness Summary. 

Cmt. # 

5 

6 

Comment 

chloride. The current and proposed leachate treatment 
systems have been designed to remove organic 
compounds from the water. If the systems were 
regulated by the Clean Water Act via a NPDES permit, 
and they qualified for a wastewater treatment unit 
exemption, the F039 would be granted an exemption 
from RCRA regulation at the point of discharge. Since 
this is not the case, the listing remains unless 8 
demonstration is made that the water no longer contains 
the waste. This “defacto delisting” can be accomplishcd 
by demonstrating that the water meets surface water 
standards. This demonstration must be made on a 
regular basis until leachate is no longer generated. 
Pond sediments may contain F039 listed waste. As 
described in the IM/IRA, the sediments will be sampled 
and dispositioned appropriately. 

~ ~~~~ ~ 

Section 1 .O - Landfill closure requirements in the 
Colorado Hazardous Waste Act include implementing 
the following systems: liner, leak detection, leachate 
collection, run-on control, run-off control, and wind 
dispersal controls. The intent is clearly to isolate the 
waste. To imply that an alternative cover will “isolate 
landfill wastes” is not reasonable. 

Sections 2.1 and 2.4 - The response is unclear. In the 
text in Sections 2.1 and 2.4 the depth to leachate and 
groundwater is the same. The relationshb or distinction 

Response 

Please see Sections 6,1, and 6.2 for the A M R s  that will be 
achieved to the extent practicable for the Present Landfill. The 
proposed action is for a RCRA Subtitle C compliant cover. 

Please see Section 2.5.6 and 2.5.7. , 

I F-8 
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Appendix F - Comment Responsiveness Summary 

Colorado Department of Public Health and Environment (September 11,2002) 
Note: CDPHE submitted two sets of comments: one during the informal document review process, and the other during the formal public comment period. Comments that were resolved during the 
informal document review process are not included in this Comment Responsiveness Summary. 

Cmt. # 

7 

8 

Comment 

between groundwater and leachate needs to be clear. 

Section 2.2 - [CDPHE's informal comment read as 
follows: "This section states that the presumption is that 
the former leachate collection system still drains to the 
now covered West Landfill Pond. Is there a plan to 
investigate the status of this system; e.g., was the system 
ever plugged?" The original response suggested 
removing the sentence "When the West Landfill Pond 
was covered in 198 1 , the leachate collection system was 
not re-routed to drain into the East Landfill Pond; 
therefore, it is presumed the leachate collection system 
still drains to the area of the buried West Landfill 
Pond."] 

Instead of removing the sentence, state that an 
investigation is being conducted to determine and 
evaluate the status of the system. This system may 
result in contaminant migration and is therefore a key 
piece of information that cannot simply be eliminated 
from consideration. 

Section 2.5.3 - The fracture zone flow should also be 
considered during the groundwater evaluation. 

Response 

Please see Section 2.5.7 for results on the investigation of the 
system. 

The hydraulic effect of fractures at WETS would have been 
difficult to consider in the groundwater evaluation. 
Modeling using UNSAT-H assumed that the unsaturated 
zone behaves largely as an 'equivalent porous medium', or 
EPM (defined in "Groundwater" by Freeze and Cheery, 
1979). In this case, the equivalent porous medium 
assumption at WETS seems appropriate given that any 



a Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
Colorado Department of Public Health and Environment (September 11,2002) 
Note: CDPHE submitted two sets of  comments: one during the informal document revlew process, and the tilhcr tliirliig Ilia nirnlnl publlo ooniinont perlotl. Comments tlint were resolved during the 
informal document review process are not included in this Comment Responsiveness Summnry. 

Cmt. ## 

9 

12 

13 

Comment 

Section 2.9.4 - The PQL listed in ALF for mercury (1 
pgL) would not be protective if the pond remained and 
fish were introduced. The standard listed in the Basic 
Standards for Surface Water (5 CCR 1002-31, Table 111) 
is .01 pg/L, which is based on bioaccumulation in fish. 
If the pond remains, an institutional control may be 
required to limit contact with fish. 

Section 3.1 - Based on the comment made during>the 
informal document review process, the last sentence of 
the first paragraph in the response should state, “The 
passive treatment system will not be impacted.” 

[Note: CDPHE’s informal comment read as follows: 
“What will be the impact to the ET cover by building 
the passive treatment system on the slope? Is a 
composite cover planned in this area?] 

Section? .2 - If sediments are not dispositioned off-site 
or closed under the cover, then erosional (water), 
dispersal (wind) and stability controls need to be 

__ ~ ~ 

Hcsponse 
fracturing probably is ut a high enough density such that the 
averuge groundwater flow through this media behaves 
similarly to non-fiactured media. Available hydraulic 
testing (Le., pump testing, slug tests, bail tests) information 
doesn’t suggest a strong influence of fractures, whether they 
were open, or filled with lower, or higher conductivity 
material. 

There is no indication that mercury is a PCOC for the pond 
sediments, surface water, seep water, or groundwater. Section 
5.3 has been modified to read as follows: “Signs and markers 
may be used as controls to delineate the landfill boundary, 
fishing, swimming, groundwater, and surface use restrictions; 
and/or describe access restrictions to the landfill cover and 
monitoring locations for the cover.” 

Language related to the passive seep interception and treatment 
system has been revised. The retention of the passive seep 
interception and treatment system is proposed as part of the 
accelerated action. The slope stability of the existing east face 
of the landfill will be considered during the detail design phase. 

The pond sediments will not be disturbed as part of this 
accelerated action. 

F-10 f 
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Cmt. # Comment 

identified to minimize potential of contaminant 
migration. 

Draft Interim Measurehterim Remedial Action Present Landfill 

Response 

15 

17 

21 

Section 3.2.6 - The passive treatment system is a point 
source discharge to waters of the State, which must be 
monitored andmanaged. The Site must follow the 
substantive requirements of the Clean Water Act 
(NPDES) by meeting discharge limits (Le., Surface 
Water Standards in ALF). This should be explained in 
Section 8.3.2. 
Section 3.3.8 - The response [to the informal comment 
regarding wastes generated during the proposed action] 
states that, “wastes will not be moved during cover 
construction.” The response goes on to twice describe 
“wastes generated as a result of the proposed action.” 
These two statements seem inconsistent. 

Section 5.1 - This interim measure is intended to be a 
final remedial action; the I W R A  is also a RCRA 
closure plan; there is no other action anticipated for the 
Present Landfill in the Site Baseline. Institutional 
controls will be required at the landfill. What they will 
consist of and how they will be implemented and 
enforced must be described in this decision document. 
An environmental covenant with the State is a 
mechanism that meets these criteria. 

Please see Section 6.5 of the revised IWRA. 

This section has been removed from the IMRA. 

Pleasesee Sections 5.3 i d  8.0 for a discussion of institutional 
controls. 

I 1:-1 I 
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Section 5.2.3- Per RFCA Attachment 5 ,  Section 2.3, 

e e Draft Interim Measurehnterim Remedial Action Present Landfill 

The IM/IRA has been modified to clarify that the East Landfill 

Appendix F - Comment Responsiveness Summary 

consideration of compliance and monitoring points 

Colorado Department of Public Health and Environment (September 11,2002) 

Pond will not be removed. 

Note: CDPHE submitted two sets of comments: one during the informal document review process, and the other during the formal public comment period. Comments that were resolved during the 
informal document review process are not included in this Comment Responsiveness Summary. 

22 

Comment I Response 

Section 5.2.1 - The water aualitv Parameters need to I PCBs have not been identified as a COC. 

It is unclear how the intent of RFCA Attachment 10 will 
be met and how it correlates with the flow diagram in 
Figure 3 (the only option is to continuously monitor). 

changes should terminal ponds be removed. For No 
Name Gulch, the landfill pond is the only water 
management mechanism, and therefore can be 
considered a terminal pond. Given the current method 
of water management with no direct discharge to No 
Name Gulch, no POC was determined at the time of 
RFCA. Since these waters discharging from the landfill 
will now flow directly into No Name Gulch without 
being captured and monitored at a terminal pond, it will 
be necessary to establish a POC. The leachate would 
otherwise be allowed to discharge directly to waters of 
the US/State and flow off-site without passing through 
an enforceable point, thereby constituting an 
unregulated discharge to state waters. 
RFCA Attachment 5, Section 2.3 also states - “All final 
remedies must be designed to protect surface water for 
any use as measured at the nearest and/or most directly 

f F-12 
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Appendix F - Comment Responsiveness Summary 
Colorado Department of PublicHealth and Environment (September 11,2002) 
Vote: CDPHE submitted two sets of comments: one during the informal document review process, and the other during the formal public comment period. Comments that were resolved during the 
informal document review process are not included in this Comment Responsiveness Summary. 

Cmt. # 

24 

~~ 

Comment 

impacts surface water in segments 4a, 4b and 5 .  Interim 
remedies will be consistent with this as a goal. Any 
temporary modifications will be removed.” Given this 
statement the nearest and/or most directly impacted 
water is the landfill pond itself and/or No Name Gulch 
(both segment 4a per 5 CCR 1002-38) depending on the 
final decision to retain or not retain the pond. 
Therefore, the point of compliance monitoring needs to 
be at the point source entering waters of the State, not at 
the current site boundary. 

Table 2 of the draft document requires revision per 
initial State comments. Table 2 also should incorporate 
the POC GSl 1 for the current practice scenario. 

Table 3 - Table 3 requires revision to include PCOC 
metals and tritium. 

If the Landfill pond goes away or is managed differently 
from current practices, where discharge goes directly to 
No Name Gulch (waters of the State), then water quality 
standards have to be attained for all parameters, not just 
PCOCs. In addition, landfill systems are dynamic and 

Response 

There is no indication that mercury is a potcntial contaminant of 
concern for tlic pond scdments, surface watcr, scep water, 
subsurliicc scditiicnts or groundwater. Zinc was identified as a 
potential contomitirint of concern for the weathered bedrock and 
the pond sedimcnts, but not thc seep water, surface water, or 
groundwuter, Silvcr was identified as a PCOC in the RIRFI, 
but it is not supported by current monitoring activities nor is 
silvcr a conccrn for surfacc water or the seep. 

The East Landfill Pond will not be removed. See Sections 5.2 
and 6.5 for accelerated action and monitoring requirements. 

F-13 I 
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Cmt. ## 

Appendix F - Comment Responsiveness Summary 
Colorado Department of Public Health and Environment (September 11,2002) 
&: CDPHE submitted two sets o f  comments: one during the informal document review process, and the other during the formal public comment period. Comments that were resolved during the 
informal document review process are not included in this Comment Responsiveness Summary. 

Comment 

contaminants can change. Using data from 1992 time 
frames for interidfinal remedy decision-making is not 
prudent. Verification of potential presence of PCOCs at 
concentrations that could make them COCs needs to be 
evaluated for decision-making on protection of human 
health and the environment. 

25 RCRA post-closure requirements include control of run- 
odrun-off. Elimination of the surface water diversion 
ditch requires justification in the form of a plan or 
mechanism for the control of run-odrun-off for the ET 
cover. 

35 

I 

Data is critical to decision-making associated with the 
pond and management of the seep discharge, therefore 
an accurate summary of data needs to be presented. 
Access to historical records may not be readily available 
for stakeholders. 

~ ~ 

Response 

The perimeter drainage ditches will be modified, not removed, 
as part of the accelerated action. See Section 6.2.2.3.3. Details 
will be provided in the final design. 

The original Appendix A has been removed. The data has been 
summarized within the text of the IM/IRA or included in an 
appendix to the IM/IRA. The information in these tables is 
taken from OU 7 Final Work Plan (DOE 1994) and the IMP 
reporting, which are included in the administrative record and 
available in the public reading rooms. 

! 
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Appendix F - Comment Responsiveness Summary 
Rocky Flats Citizens Advisory Board Environmental Restoration Committee (September 17,2002) 

Cmt. # 

1 

~ 

Comment 

Similar to the 903 Pad ER RSOP Notification, this 
decision document seeks to divide the project into two 
phases, the construction of a landfill cover being 
addressed currently and the groundwater remedy to be 
addressed at a later time. The committee questions the 
practice of separating these two aspects of the remedy. 
DOE should determine the design needs of the system 
as a whole before proceeding to implement one of its 
individual parts. All aspects of the remedy should be 
considered up front, even if it means delaying thc 
release of the decision document. 
The reason given for separating the project into two 
parts is as follows: “A groundwater remedy will not be 
proposed at this time because it is unknown if the 
landfill is impacting groundwater, or if groundwater is 
impacting the landfill.” [page 2, last paragraph] 

However, the document later contradicts the above: 
“The depth to groundwater is anomalously high in the 
middle of the landfill because it  is assumed that 
groundwater is flowing into this area from the north side 
of the landfill.” lpage 15, fifth paragraph] 

Should DOE proceed with the piecemeal approach and 
amend this IM/IRA to include groundwater at some 
point in the hture, the modification should be subject to 
public comment. 

Leachate currently seeps from the east face of the 

Response 

A groundwater assessment has been added to the IM/IR4. 
Please see Section 2.5.6 for a discussion of the hydrogeologic 
setting; Section 2.5.7 for a discussion of the conceptual and 
numeric hydrologic flow model; and Section 2.6.3 for a 
discussion of the nature and extent of groundwater 
contami nut ion. 

A groundwater assessment has been added to the IMAM. 

Please see Sections 5.2 and 6.5 for monitoring and maintenance 
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Appendix F - Comment Responsiveness Summary 
Rocky Flats Citizens Advisory Board Environmental Restoration Committee (September 17,2002) 

Cmt. # 

4 

5 

Comment 

landfill at a rate of between 1 and 7 gallons per minute. 
It then flows through a crude treatment system aimed at 
volatilizing any organics, and is captured in the present 
landfill pond, whereupon it is subsequently routed to the 
A-series ponds. Depending on the final cover design, 
the present landfill pond may be altered or eliminated, 
resulting in the possible discharge of treated leachate 
directly into No Name Gulch. 

The decision document proposes adding a point of 
evaluation at the outlet of the seep treatment system. 
The committee feels leachate from a hazardous waste 
landfill should be regulated at the point of discharge 
with the addition of a new point of compliance. 

Phase I1 Performance Monitoring (p. 40) begins 6 years 
after installation. The document reads: “The results of 
Phase I monitoring will be used to develop the Phase I1 
monitoring, including.. . frequencies for hydrologic 
cover performance monitoring, if appropriate.” Does 
this suggest hydrologic cover performance monitoring 
might be phased out after only six years? The 
committee anticipates such monitoring will be necessary 
over the long term, and should in fact be added to Phase 
I11 monitoring, which only includes visual inspections in 
the current draft. 

Gas venting: DOE should perform methane sampling to 
the extent necessary to rule out any possible safety 
hazard associated with it. 

~~ 

Response 
of the passive seep interception and treatment system. 

Based on the cover proposed in the revised IM/IRA, hydrologic 
cover performance monitoring is not required. 

LanclliII giis wiis cvuluntcd in 1994 and again in 2002. If a gas 
venting lnycr is  rcquircd, i t  will bc detailcd in thc final design. 
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Appendix F - Comment Responsiveness Summary 
Rocky Flats Citizens Advisory Board Environmental Restoration Committee (Scpfcm hcr 17,2002) 

6 
Comment 

Data Adequacy: In Section 2.9, Nature and Extent of 
Contamination, why were data from certain years 
excluded from the groundwater dataset? Surface water 
data in the leachate and in the East Landfill Pond werc 
presented from even fewer years. All available data 
should be considered when making the remedial 
decision, summarized in the IWIRA, and made 
available to stakeholders who may wish to review it. 

~- 

Responro -- .--I- 
The nalurc and cxtcnt assessment in the IM/IRA has used all 
known nvailuhlc, vcrificd nnd validatcd data from the OU 7 
Final Work I’laii (DOE 1904), and the IMP which are included 
in thc administrative record and available in the public reading 
room. 
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Appendix F - Comment Responsiveness Summary 
City of Broomf!eld, Colorado (September 19,2002) 

cm't. # 

1 

~ 

Comment 

Partial Remediation of the Operable Unit: Broomfield 
voices its concern again about the strategy the Site is 
using to separate environmental media and perform 
partial remediation of an Operable Unit (OU) or an 
Individual Hazardous Substance Site (IHSS). When an 
accelerated action is warranted for a specific Individual 
Hazardous Substance Site (IHSS), the remedial action 
objectives should be identified for the area as a whole 
and not deferred to another remediation document. Two 
recently proposed key remediation projects, the Present 
Landfill and the 903 Remediation, have chosen to defer 
groundwater issues associated with volatile organic 
compounds (VOCs) to a later phase. The Site has failed 
to identify which documents will capture the 
remediation of the groundwater, the chosen remedy of 
the groundwater, the schedule for implementation of the 
remedy, and proposed schedule the Site assumes the 
contaminants of concern (COCs) will no longer pose n 
potential risk to human health and the environment. 
Broomfield was not provided the opportunity to review 
the historical analytical data for groundwater or surf~ce 
water to determine if a sufficient analysis was 
performed of the water interactions. If data gaps exist, 
identify the appropriate measures the Site will take to 
complete an evaluation of the water system. The City 
and County of Broomfield is concerned about the long- 
term stewardship implications if all issues associated 

Response 

The revised IM/IRA incorporates all issues associated with the 
landfill and related media. 
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Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 
Cmt. # 

2 

---- 
Comment 

with the Present Landfill are not captured within one 
document addressing the evapotranspiration cap, seep 
management, groundwater and surface water 
interactions, and compliance and performance 
monitoring. 

Regulatory Requirement for the Monitoring and 
Discharge of the Seep and Surface Water: The I W R A  
does not address the regulatory requirements for 
monitoring and discharge of leachate from the seep 
associated with the Present Landfill. The document 
should identify the monitoring criteria and identify the 
point of compliance (POC). Broomfield requests 
clarification as to why the F039 EPA hazardous waste 
umber does not apply. Per 40 CFR 9261.3 1, leachate is 
defined as: liquids that have percolated through land 
disposed wastes resulting from the disposal of more 
than one restricted waste classified as hazardous under 
Subpart D of this Part. Provide the rational as to why 
the F039 does not apply to the seep water or to the 
sediments within the holding pond. The point at which 
the seep water is released 1 should be a point of 
compliance under RCRA. Per §261.3( c) and (d), only 
the wastewater treatment unit is exempt from RCRA 
and the exemption does not follow or attach to the 
waste. If the water has been delisted and is to be 
released into waters of the United States, the following 
criterion has to be identified within the document: 1. 
water quality standards and COCs, 2. monitoring 

Response 

Please see Section 6.5 for a discussion of Present Landfill seep 
and surface water management. See Section 6.5.2.3 for Present 
Landfill seep discharge monitoring details. 

I 

! 
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Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 
Cmt. I# 

3 

Comment 

regime, 3. change to language to the Surface Water 
Tech Memorandum related to the landfill POC. All 
significant requirements should be incorporated into the 
[MAW, including the leachate collection and treatment 
remedy. A section needs to be added to the IMP to 
address the data quality objectives of the seep and the 
associated criteria. 
Per the Surface Water Monitoring Section 5.2.3, the 
document states the point of compliance (POC) for the 
pond will be at GS03, located at Walnut Creek and 
Indiana Street. Broomfield contends that POC should 
be at the outfall of the landfill holding pond because this 
is the point of discharge. 

Groundwater Investigation: Broomfield is concerned the 
document offers conflicting information about the 
interaction of groundwater associated with the Present 
Landfill. Page 2, last paragraph, states: A groundwater 
remedy will not be proposed ut this time because it is 
unknown if the landfill is impacting groundwater, or if 
groundwater is impacting the landfill. 
document on page 14, information is provided which 
identifies the flow of the groundwater and the depth of 
the groundwater. Prior to placement of the 
evapotranspiration cover, the Site should be confident of 
the interaction of groundwater and surface water 
associated with the landfill, the interaction of 
groundwater from the PU&D Yard and the landfill 
groundwater, groundwatedseep interaction between the 

Yet, later in the 

Response 

A groundwater assessment has been added to the IM/IW. 

Please see Section 6.2.2.3.2 for the regulatory requirements for 
groundwater. 
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Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 

Cmt. # 

4 

Comment 

landfill groundwater and slurry walls, surface water 
interceptor system and groundwater interceptor system. 
The remedy for the groundwater/seep system should be 
identified within the IMAM to prevent additional 
remedial actions to a placed ET cover and to ensure all 
remedial actions for the landfill are identified within one 
document. Identify the wells, locations, and analytes 
being monitored for this project. Provide justification 
for the rational as to why previous wells were closed 
and the documents Broomfield may review for both 
well closures along with the analytical data providing 
justification for the closures. The document does not 
address the location of groundwater wells post-closure 
and the ability of the wells to have sufficient water for 
monitoring per the applicable regulations and 
requirements. 

ET Cover and Performance Monitoring: Broomfield 
does agree with the identified choice of a cover, but the 
document does not cite studies by which a conclusion is 
made that Subtitle C covers are inappropriate for the 
landfill. Additional methane information is needed to 
address the gas venting system to determine if venting is 
required or if there are potential impacts to the 
vegetation. Specifics of the biota barrier need to be 
included along with the performance monitoring criteria 
to inspect for degradation of the cover by vectors. How 
will the performance monitoring be identified if a gas- 
venting laver is incorporated into the biota barrier? 

Response 

DOE has reconsidered its original proposal for an ET cover. A 
RCRA Subtitle C compliant cover system has been included as 
a viable cover alternative for the Present Landfill and has been 
evaluated with other cover alternatives (See Section 4 of the 
IMAM). Design of a gas venting system will be determined 
during the detailed design phase. See Section 5.1. 

Please see Sections 5.0,6.1, and 6.2 for cover inspection and 
maintenance requirements. The final inspection, monitoring, 
and maintenance requirements will be detailed in the 
Monitoring and Maintenance Plan. 

! 
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Draft Interim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 
Cmt. # Com m en t 

Performance monitoring should also include the criteria 
to evaluate the success of the vegetation process. 
Performance monitoring of the ET cover will be 
necessary for perpetuity to ensure containment of the 
contaminants. A strong QA/QC program should be in 
place to clearly identify the objectives of the cover 
placement and the performance monitoring. Ensure 
controls are in place to ensure the performance 
objectives are being met. The document needs to define 
a “major storm event” to ensure inspections of the ET 
cover occurs within 24 hours to verify the integrity of 
the cover. The performance monitoring shall be 
reported in accordance with the Integrated Monitoring 
Plan (IMP). The IMP needs to be revised to reflect 
adequate data quality objectives consistent with the 
objectives of the ET cover. 

Page 1, Executive Summary: Broomfield did not have 
the opportunity to review historical groundwater data 
and the operability of the existing groundwater control 
system. If reference documents are identified in the 
document out for public review, the reference 
documents should be made available to the public to 
adequately provide an informed response to the 
proposed remedial action. 

Page 15, Section 2.5.3 Groundwater Hydrology, 73: The 
groundwater hydrology and leachate interactions should 
be known and the remedial action should be identified 

If specific reference documents are requested, they will be 
provided to the reviewer. Most, if not all, are in the 
administrative record and are available to the public. 

Please see Section 2.5.6 for a discussion of the hydrogeologic 
setting; Section 2.5.7 for a discussion of the conceptual and 
numeric hvdro1og;ic flow model; and Section 2.6.3 for a 

F-22 I 
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Draft Interim Measurehtetim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary . 

City of Broomfield, Colorado (September 19,2002) 

Cmt. # Comment 
prior to placement of the cover to prevent additional 
remedial activities within the area of the newly placed 
cover. 

Page 17, Section 2.9 Nature and Extent of 
Contamination: The IM/IRA does not address the 
potential of contaminants migrating from the PU&D 
Yard through the landfill. This is key information to 
determine the extent of contamination from the landfill 
versus contamination from the PU&D Yard. The bullets 
identified data sets for each media, but did not provide 
recent data to adequately analyze current conditions. 
Has the extent of contamination changed from the older 
data from 1993 and 1995 compared to recent data? 
Numbers of sample locations were identified or number 
of samples were identified, but no results were 
discussed. 

Page 20, Section 2.9.2 Landfill Leachate at the Seep 72: 
Identify the analytes exceeding background levels at 
SWO97. Identify the location of the 3 active monitor 
locations for the landfill. 

Page 2 1, Section 2.95 Groundwater Downgradient of 
the Present Landfill 7 5: When the results of the 
groundwater evaluation are completed, Broomfield 
expects to be part of the modification process to the 
I M A M  if a remedy is required. If a remedy is not 
required, Broomfield would like to be informed of when 

Response 
discussion of the nature and extent of groundwater 
contamination. While no accelerated action is proposed for 
groundwater, the passive seep interception and treatment 
system will be retained. 

The PU&D Yard is outside the scope of this action. Although 
the proximity of the PU&D Yard plume to the Present Landfill 
is a complicating factor, the plume itself will be addressed 
under a separate decision document and wiH not affect the 
Present Landfill closure. 

Please see Section 2.6.4 for the nature and extent of 
contamination at the seep. 

The reviscd IM/IRA addresses the impact of the landfill on 
groundwntcr irpyrndicnt, within, and immcdiatcly downgradient 
of the l’rcscnt Imdlill. 
Pleasc NCC Scclioii 2.5.6 for a discussion o f  thc hydrogeologic 
setting; Scctioii 2.5.7 Ibr a discussion of the conceptual and 
numcric hvdrolouic flow modcl: niid Section 2.6.3 for a 
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Draft Eterim Measurehterim Remedial Action Present Landfill 

Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 

Cmt. ## 

10 

11 

Comment 

the decision is placed in the Administrative Record. 
Broomfield understands we will have access to the 
Administrative Record at any time. 

Page 22, Section 3.0 Project Approach: Broomfield 
disagrees the leachate collection and treatment system 
should be addressed in a separate decision document. 
The issue of F039 and identifying a point of compliance 
is germane to this document. The performance of the 
cover is integral to the performance of the treatment 
unit. 

Note 6 on page 22 states granular activated carbon 
(GAC) was used in the treatment unit at one time. What 
EPA codes were assigned to the GAC and where was 
the waste dispositioned? The note further states this 
IM/IRA does not change the decisions made in the PAM 
pertaining to the F039-listed waste. Provide the City and 
County of Broomfield justification for not having to 
delist the waste code. Our understanding is the “F” 
code remains after treatment. 

Page 26, Note 9: Define “wet year” to be used in the 
UNSAT-H modeling. Will the model also address 
severe drought year;? With current drought conditions, 
how will the cover be maintained to ensure the viability 
of the vegetation? 

Response 
discussion of the nature and extent of groundwater 
contamination. Based on this analysis a groundwater 
accelerated action is not proposed. See Section 6.2.2.3.2 for 
groundwater monitoring requirements. 
Please see Section 6.5 for a discussion of Present Landfill seep 
and surface water management. See Section 6.5.2.3 for Present 
Landfill seep discharge monitoring details. 

DOE has reconsidered its original proposal for an ET cover. 
A RCRA Subtitle C compliant cover system has been 
included as a viable cover alternative for the Present 
Landfill and has been evaluated with other cover 
alternatives (See Section 4 of the IM/IRA). The modeling 
described in the original IM/IRA is not required under the 
revised proposed action. In addition, no vegetation will be 
maintained and weed control measures will be employed. 
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Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 

Cmt. # 

12 

13 

14 

15 

16 

Comment 

Page 29, Section 3.2.8 Revegetation: DQOs should be 
incorporated into the IMP. 

E g e  30, Section 3.3.3 Quality Assurance: The quality 
assurance section discussed the quality program for the 
Site and for Environmental Restoration, but does not 
identify the specific quality control measures for 
placement of the cover. Nor, does it address the method 
to assure the controls are in place and are being 
imposed. How will the QNQC controls be enforced 
and documented? 

Page 34, Section 5.2.1 Groundwater Monitoring: To 
determine a list of COCs or PCOCs, near term, more 
constituents need to be identified due to the age of the 
data used for the groundwater evaluation. PCBs, VOCs, 
and metals should be monitored. 

Page 36, Figure 3: Define the actions to be taken during 
an evaluation when exceedances show an upward trcnd. 

Page 37, Section 5.2.3 Surface Water Monitoring: I f  
water is to be released into No Name Gulch this will 
become a new point source and the POC will have to be 
at the boundary of the landfill. The Surface Water l'cch 
Memo and the new POC and the methodology will huvc 
to be identified. This POC will have to be enforceable. 
Revisions to the IMP will have to be made to reflect the 
new criteria. During the evaluation of the application of 

Response 

The IM/IRA has been revised; the proposed action no longer 
requires revegation. 

The requested level of detail is inconsistent with the level of 
detail generally presented in RFCA decision documents. 
Including additional details in the decision document could 
constrain the final design or require a modification to the 
decision document in the future. Additional details are 
presented in the engineering design. 

Please see Scction 6.2,2.3.2 for groundwatcr monitoring 
requirements. 

~~ 

Plensc w e  Section 6.2.2.3.2 for yroundwutcr monitoring 
requirciiicntfl. 

Please see Section 6.5 for a discussion of Prcsent Landfill seep 
atid surface wtitcr management. Sce Section 6.5.2.3 for Present 
1,undfill seep discharge monitoring dctails. 
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Appendix F - Comment Responsiveness Summary 
City of Broomfield, Colorado (September 19,2002) 
Cmt. # 

17 

18 

19 

Com m en t 
the F039 waste code, what are the ramifications to the 
terminal ponds if F039 was introduced into them? 

Page 52, Monitoring and Maintenance: Add the criteria 
for the monitoring and maintenance of the passive 
leachate collection and treatment system. The 
performance of the system is impacted by the proposed 
remedy cover. Add the operation and performance 
monitoring for the ET cover into the IMP. 

Page 53, Section 7.4 Information Management: Add 
Quality Assurance and Quality Control to this section of 
the document. 

Page 58, Section 8.3.2 Treated Seep Water: See 
previous comments related to POCs, F039, and COCs. 
Specific information should be provided for the 
requirements of the discharge and the sampling 
methodology: 

Response 

Please see Section 5.2 for maintenance requirements for the , 

passive seep interception and treatment system. See Section 6.5 
for a discussion of Present Landfill seep and surface water 
management. See Section 6.5.2.3 for Present Landfill seep 
discharge monitoring details. 

The proposed action has been changed from an ET cover to a 
RCRA Subtitle C compliant cover. The final inspection, 
monitoring, and maintenance requirements will be detailed in 
the Monitoring and Maintenance Plan. 
Quality assurance and quality control information will be 
included in the documents listed. There will not be a document 
or document referred to as “Quality Assurance and Quality 
Control .” 
Please see-Section 6.5.2.3 for Present Landfill seep discharge 
monitoring details. 

. .  . .  r F-26 
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0 Year 
1986 

1987 

1988 

1989 

1990 

1991 

Regulatory Driver 
1986RCRA 
Compliance Order 
and CERCLA 
Agreement 
DOECEARP 
6 CCR 1007-3, 
Part 265, Subpart 
F 

Same as 1986 

0 Sameas 1986 
Begin alternate 
monitoring 
program per 6 
CCR 1007-3, Part 
265.90(d) 

0 Annual reporting 
per 265.93(d)(4) 

Same as 1988 
Monitoring also 
done in 
compliance with 6 
CCR 1007-2. 

Sameas 1988 

lnteragency 

Alternate 
Agreement (IAG) 

monitoring 
program per 6 
CCR 1007-3, Part 
265.90(d) 
Annual reporting 

Monitor Well Network 
4 Wells total: 

2 Upgradient (one alluvial; 
one bedrock) 
2 Downgradient at toe of the 
landfill (one alluvial; one 
bedrock) 

20 wells total: 
additional wells were located 
upgradient, downgradient of 
the landfill pond, and near the 
north and south perimeter 

35 wells total: 
additional wells were located 
in and around the landfill 

Same as 1988 

Sameas 1988 

Sameas 1988 

Analytical Program 
Sampled quarterly: 
0 

Other major ions. 
Radionuclides 

.HSL VOCs, SVOCs, and metals 

Sampled quarterly: 
HSL VOCs; SVOCs, pesticides, PCBs, 
and metals; 
Other major ions. . 
Field Parameters 
TDS 
Oil and Grease 
Radionuclides 

Same as 1987 

Same as 1987 

Same as 1987 

~~ ~ 

Findings 
No formal data evaluation conducted yet. 
- 

No formal data evaluation conducted yet. 

Downgradient alluvial G W has elevated major ions, Fe, 
Mn, Sr, Ba. Concentrations were either lower than 
background concentrations or. lower than groundwater 
concentrations detected within the landfill. 

conjectured to be from an unidentified natural source 
High salts in bedrock GW conjectured to be due to 
mineral dissolution because it is not present in alluvial 
GW in the landfill 

, High salts hrther downgradient in alluvial GW 

_. 

Similar to 1988. 

- 
Groundwater quality within the landfill indicated 
concentrations of major ions, dissolved metals, dissolved 
radionuclides and VOCs to shallow groundwater. VOCs were 
detected sporadically and infrequently in wells screened in 
surficial materials during 1990. 

High salt concentrations downgradient of the landfill were 
contidered to result from an unidentified and presumably 
natural source. Concentrations of major ions observed in 
bedrock wells were typically higher than concentrations seen 
in alluvial groundwater within the landfill. 
Bicirrbonate, fluoride, chloride, magnesium, sodium, calcium, 
dissolved silica, TDS, pH and specific conductance had 
statistically significant difference between upgradient and 
downgradient groundwater quality. The Present Landfill does 
not appear to impact downgradient groundwater quality with 
respect to VOCs and radionuclides. 

- 

Comments 
Results includqd in the 1989 RCRA Annual Groundwater 
Monitoring Report 

Results included in the 1989 RCRA Annual Groundwater 
Monitoring Report 

Results included in the 1989 RCRA Annual Groundwater 
Monitoring Report 

0 

Results discussed in the I99 1 RCRA Annual 
Groundwaler Monitoring Report 
Results also included in 1996 Groundwater 
Monitoring Report for the Present Sanitary Landfill 

0 

0 

Results included in the 1992 RCRA Annual 
Groundwater Monitoring Report 
Results also included in 1996 Groundwater 
Monitoring Report for the Present Sanitary Landfill 

-, 

0 

Results included in the 1992 RCRA Annual 
Groundwater Monitoring Report 
Results also included in 1996 Groundwater 
Monitorin;? Report for the Present Sanitary Landfill 
The IAG Goes not change RFETS G W monitoring 
program 

Same as 1987 
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Year 

1992 

1993 

I994 

1995 

Regulatory Driver 

Same as 1988 
per 265.93(d)(4) 

Same as 1992 

Same as 1993 

Same as 1994 

Monitor Well Network 

Same as 1988 

55 Wells total: 
0 

0. 

0 

49 active wells and 6 
abandoned (in 1993). 
27 wells are considered RCRA 
monitor wells 
Other wells are for OU 6, 7, 
and 16 RFI/Rls. 

52 Wells total: 
3 downgradient wells added to 
monitor alluvial, UHSU 
bedrock. and LHSU bedrock 

25 Wells total: 
The 27 interior landfill wells 
were abandoned with 
permission from CDPHE in 
letter dated 2/13/95. Wells 
were abandoned in preparation 
for constructing a cover. 

Analytical Program 

Same as 1987 

Same as 1987 

Sampled Quarterly: 
0 Field Parameters 
0 TDS, TCC, TSS, pH 
0 

0 Anions 
TALVOCs 

0 Radionuclides 
0 Dioxins/Furans 

TAL Metals plus Cs, Li, Mo, Sr, Sn 

Sampled Quarterly 
0 Field Parameters 
0 TDS, TOC,.TSS, pH 
0 

0 Anions 
0 TALVOCs 

TAL metals plus Cs, Li, Mo, Sr, Sn 

Findings - 
- 

Alluvial GW within and around the landfill has elevated 
concentration of major an ions. Concentrations of major 
ions observed in groundwater from the UHSU and LHSU 
bedrock wells were typically higher than concentrations 
observed in groundwater within the landfill. 
Same conjecture as 1988 regarding high salts in bedrock 
GW. 
Metals and radionuclides are rarely greater than 
background. 
Some detection of VOCs in alluvial GW within the 
landfill; very infrequent detections in the UHSU bedrock 
GW. 
Groundwater quality in downgradient geologic materials 
and in weathered bedrock beneath the landfill appears 
unaffected by the Present Landfill with respect to VOCs, 
radionuclides, most metals and other inorganic ions. 
GW quality generally consistent with 1992 findings 
Statistically significant increase in downgradient UHSU 
GW for Ca, Li, Mg, K, Na, Sr, and major anions, but not 
for VOCs and radionuclides. Concentrations of dissolved 
metals were only rarely greater than sitewide background 
concentrations. The concentrations of major ions from 
UHSU and LHSU bedrock wells were typically higher 
than concentrations observed from groundwater within 
the landfill. As a result, bedrock groundwater quality 
was considered to be influenced primarily by mineral 
dissolution within the sandstone and claystone units. 
Same conjecture as 1988 regarding bedrock GW. 
Highest concentrations of radionuclides, metals, VOCs, 
and anions are within the landfill and adjacent to IHSS 
SE of the landfill 

0 

0 

0 

0 GW quality generally consistent with 1993 findings 
Statistically significant increase in downgradient UHSU 
GW for Ca, Li, Mg,, Na, Sr, major anions, and TDS but 
not for VOCs 
One downgradient well shows other inorganic parameters 
and radionuclides at concentrations statistically greater 
than upgradient. Overall, U-233/234 and tritium were 
showing decreasing trends downgradient of the landfill 
since 1990/9l (Although prior to RFCA, concentrations 
were near RFCA Tier I1 action levels at this time.) 
Same observation of location of highest analyte 
concentrations as in 1993 
GW quality generally consistent with 1993 findings 
Statistically significant increase in downgradient UHSU 
GW for Ba, Ca, Li, Mg, Si, Na, Sr, U-2331234, major 
anions, and TDS but not for VOCs. (Although prior to 
RFCA, all these analytes were at concentrations less than 
RFCA Tier 11 AIS.) 

0 

0 

0 
- 

A -2 

Corn ments 
~ ~~ 

0 

0 

Results included in the I993 RCRA Annual 
Groundwater Monitoring Report 
Results also included in 1996 Groundwater 
Monitoring Report for the Present Sanitary Landfill 
and the draft Phase I 1WIRA and Closure Plan (1996) 

0 Begin Present Landfill Phase I RFVRI . 

0 

Results included in the 1994 RCRA Annual 
Groundwater Monitoring Report 
Results also included in 1996 Groundwater 
Monitorins Report for the Present Sanitary Landfill 
and the draft Phase I IM/IRA and Closure Plan (1996) 
End of Present Landfill Phase 1 RFI/RI 

0 Results inciuded in the 1995 RCRA Annual 
Groundwater Monitoring Report 
Results also included in 1996 Groundwater 
Monitoring Report for the Present Sanitary Landfill 
and the draft Phase I IWIRA and Closure Plan (1996) 
Begin Present Landfill Phase 11 RFI/RI 

0 Results included in the 1996 RFCA Annual 
Groundwai:er Monitoring Report 
Results ala) included in 1996 Groundwater 
Monitoring Report for the Present Sanitary Landfill 
End Present Landfill Phase 11 RFI/RI (report not 
written due to reallocation of resources because of 
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Year 

1996 

1997 

1998 

Regulatory Driver 

RFCA and IMP 
(pursuant to RFCA) 

RFCA and IMP 
(pursuant to RFCA) 

RFCA and IMP 
(pursuant to RFCA) 

Monitor Well Network 

IO Total Wells in the area of the 
Present Landfill: 

IMP RCRA Monitoring Wells 
(4 upgradient and 4 
downgradient wells in both 
al luvium and bedrock) 
IMP Plume Definition Wells 
for the PU&D Yard ( 1  
upgradient and 1 
downgradient, both alluvial) 

Same as 1996 except upgradient 
well 6687 is abandoned and 
replaced with well 0597 

Same as 1997. 

Analytical Program 
Dissolved and total radionuclides 
Select dioxins and furans 

Sampled Semi-annually: 
Field parameters 
Metals 

0 Anions 
v o c s  
Radionuclides 

SVOCs were not included in the sampling 
program as a result of PCOC screening 
conducted during the IMP data quality 
objectives process. This was accepted by 
CDPHE and EPA. 
Same as 1996 

Same as 1996 

Findings 

0 Data were not reportable in accordance with the IMP (see 
comments) 
Uranium (although elevated) is below background in 
wells 4087 and 52894 
Nitrate (although elevated) does not show an increasing 
trend in well B206989 
Some downgradient wells are often dry; and 
Concentration of contaminants detected downgradient 
were all below RFCA Tier I1 and therefore not reported. 
Increasing VOCs in upgradient well 6687 (PU&D Plume 
Definition well) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 
0 

0 

0 

0 

0 

- 

Data were not reportable in accordance with the IMP (see 
1996 comments) 
Uranium (although elevated) is below background. 
Nitrate (although elevated) does not show an increasing 
trend in well B206989 
Fluoride, sulfate, TDS, Ba, Cu, Fe, Li, Mn, Se, Sr, nitrate, 
and Zn are at statistically significant higher 
concentrations in some downgradient wells relative to 
upgradient wells 
Some downgradient wells are often dry 
Concentration of contaminants detected downgradient 
were all below RFCA Tier II and therefore not reported. 
Increasing VOCs in upgradient well 70393 (PU&D 
Plume Definition 
Data were not reportable in accordance with the IMP (see 
1996 comments) 
Of the three down gradient wells, one was consistently 
dry and the alluvial well was consistently below RFCA 
Tier I1 ALs. 
Fluoride, nitrate, sulfate, TDS, As, Cd, Cr, Li, Mn, Se, Sr, 
Zn, U-233/234, U-235, and U-238 are at statistically 
significant higher concentrations in some downgradient 
bedrock wells relative to upgradient bedrock wells. 
However, trends were generally flat or declining. 
Unknown or natural source conjectured for constituents 
with elevated concentrations downgradient because they 
are not observed at these concentrations in the seep 
(SW97) or the landfill pond. 
Elevated U-235 concentration in downgradient bedrock 
well is estimated to be the result from natural sources 

- 

present within the bedrock, as it occurs within the 

Corn men ts 
lower priority placed on Present Landfill relative to 
other sites) 
In May 1995, a well evaluation project was 
undertaken at RFETS to continue the assessment of 
the sitewid? groundwater monitoring network. A 
working group devised a new monitoring network 
based on Data Quality Objectives (DQOs). 
Results included in the I" and 31d quarter 1997 RFCA 
Groundwater Monitoring Report 
Data are rebortable when the mean downgradient 
concentrations are significantly (statistically) higher 
than the mean upgradient concentrations, and the 
downgradient concentration does not show a 
statistically significant positive trend with time for 
any given well. 

0 

0 

0 

Results included in the 1998 RFCA Annual Groundwater 
Monitoring Report 

Results include4 in the 1999 RFCA Annual Groundwater 
Monitoring Report 
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Year 

1999 

2000 

200 1 

Regulatory Driver 

RFCA and IMP 
(pursuant to RFCA) 

RFCA and IMP 
(pursuant to RFCA) 

RFCA and IMP 
(pursuant to RFCA) 

Monitor Well Network 

Same as 1997 

Same as 1997 

Same as 1997 

Analytical Program 

Sampled Quarterly: 
Field parameters 
Radionuclides 

0 vocs 
Metals 
Major anions. 

Same as 1999 

Same as 1999 

Findings 
background range for this isotope. 
Increasing VOCs in upgradient well 70393 (PU&D 
Plume Definition 
Generally consistent with previous findings 
Cu, Li, Se, U233/234 and U-238 were reportable in 
accordance with the IMP (see 1996 comments) 
Fluoride, sulfate, TDS, Sb, Cd, Ca, Cu, Li, Mg, Mo, Ni, 
K, Se, Na, Sr, U-233/234, U-235, and U-238 are at 
statistically significant higher concentrations in some 
downgradient bedrock wells relative to upgradient 
bedrock wells. However, trends were generally flat or 
declining. 
Increasing trends for Cu, Li, Se, U233/234 and U-238; 
however U isotopes are below background, and for the 
metals, only Se exceeded the Tier I1 AL. 
Some downgradient wells are often dry. 
Generally consistent with previous findings 
Li, Zn, U233/234 and U-238 were reportable in 
accordance with the IMP. The maximum Lithium 
concentration (1 750 ug/L) is slightly above the RFCA 
Tier I1 AL (730 ug/L) but well below the RFCA Tier 1 
AL (73,000 ug/L). The maximum zinc concentration 
(66.2 u&) is well below the RFCA Tier I1 AL (1 1,000 
ug/L). Uranium concentrations still remain below 
background concentrations. 
Fluoride, sulfate, TDS, Ca, Cu, Li, Mg, Mo, Ni, Na, Sr, 
Zn, U-233/234, U-235, and U-238 are at statistically 
significant higher concentrations in some downgradient 
bedrock wells relative to upgradient bedrock wells. 
Increasing trends for fluoride, sulfate Li, Zn, U233/234 
and U-238. The mean fluoride downgradient 
concentration (2.02 mg/L) is below the RFCA Tier I1 AL 
(4.0 mg/L). The mean sulfate downgradient 
concentration (1404 mg/L) is slightly above the RFCA 
Tier I1 AL (500 mg/L) but well below the RFCA Tier I. 
AL (50,000 mg/L). 

0 Generally consistent with previous findings 
V and U233/234 and were reportable in accordance with 
the IMP. Uranium concentrations still remain below 
background concentrations. 
Sulfate, TDS, Ca, Cu, Li, Mg, Mol Se, V, U-2331234, U- 
235, and U-238 are at statistically significant higher 
.concentrations in some downgradient bedrock wells 
relative to upgradient bedrock wells. 
Increasing trends only for V and Zn. The mean Zn 
concentration (7.2 1 ug/L) is below the RFCA Tier I I  AL 
( I  1,000 ug/L). The mean V concentration (1.24 ug/L), 
although increasing in concentration, was “ B  qualified 
and is below the RFCA Tier 11 AL (256 ug/L). 

A -4 

Comments 

Results included in the 2000 RFCA Annual Groundwater 
Monitoring Report 

Results included in the 200 1 RFCA Annual Groundwater 
Monitoring Report 

Results included in the 2002 RFCA Annual Groundwater 
Monitoring Report 
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Figure 1 
Surface Soil Sampling 

Locations 
Present Landfill 

KEY 

IHSS 114 

Pond 

Paved Area 

Dirt Road 

Stream, ditch, or drainagc 

Fence 
Surface Soil 
Sampling Location 

N 

70 0 70 140 210 Feet - 
Scale = 1 :2,500 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum: NAD27 
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